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PEEFACE. 



In introducing the present Treatise to the Engineering 
K public, there is but little to be said by way of Preface. 
^ It is believed that hitherto no work has been specially 
^ devoted to details of machinery, and having noticed the 
ik want of such an one amongst Draughtsmen and Foremen 
^ Engineers, the Author has been induced to prepare the 

present volume. 

The Author has throughout adhered strictly to simple 
arithmetic, not having used even a plus or minus sign in 
any of the calculations, which are illustrated by examples 
worked out in full, in order to render the mode of work- 
ing the rules, practically, perfectly clear. 

The results generally are only carried out to two or 
three places of decimals, which is amply sufficient for 
all practical purposes. 



Lbxds, November y 1882. 
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1 DETAILS OF MACHINERY. 






INTRODUCTION. 



Ih designing any kind of structure, or machine, there 
maj be considered two operations, almost distinct from 
each other, to be performed. The first consists in deter- 
mining the general principles upon which such work 
depends for its due fulfilment of the purpose for which it 
IS proposed, and the second, the exact arrangement of the 
details, so as to combine them according to the general 
plan adopted. The projector of the work will arrange, of 
course, the general design, but it very often becomes the 
duty of the manufacturer to arrange the constructive 
details ; and, in order to obtain a creditable result, it is 
frequently necessary to deyote much care and consideration 
to these minor points. 

In the present treatise it is purposed to consider es- 
pecially the form and arrangement of certain classes of 
machinery and elements of structures, which are in general 
demand ; and in so doing it must be distinctly understood 
that the general principles of structures and machinery will 
not be alluded to, except in such cases as it may seem 
necessary so to do in order to elucidate the remarks re- 
lating to details properly under consideration. Not only 
is it necessary to estimate the amount of strain on the 

B 



2 INTRODUCTION. 

varions details of machinery, bat in most cases as mnch 
or even more consideration is necessary to ascertain 
exactly the way in which the strain acts, i^hich is not in 
all instances very obvious at first sight ; in fact there are 
many important points now mooted, upon which decided 
differences of opinion exist, so that we find two engineers, 
each entitled to equal respect, holding opposite views on 
the same point. Nor is this state of affairs very difficult to 
account for, for it will subsequently be seen that a theory 
may apply very well in one shop, but that it will not 
obtain in another, where there exist different methods of 
manufacture ; hence, in each case, we have to regard not 
only the nature of the work to be done by any element, 
but also the manner in which such element will be con- 
strueted. It is an ancient truism that there is a right and 
a wrong way to do everything ; but this does not go far 
enough, at least in mechanical engineering, for there may 
be two or three right ways of doing a job, and they may 
in fact be all equally right, although they are preferred 
differently by different individuals ; hence we should be 
prepared to understand all the ways in which any portion 
of work can be done to attain the desired end, after which 
wo can select that method which, according to our judg- 
ment, appears best qualified to satisfy our requirements. 

We may class the strains to which machines and struc- 
tures are liable under the following heads : pressure with- 
out motion, or static strain, and pressure with motion, or 
dynamic strain. The first is simple to deal with, as its 
amount is usually known and is not variable. If the strain 
be in tension, it is a constant force endeavouring to tear the 
element asunder ; if in compression, the element acts as a 
pillar ; or if it be a cross strain, the element acts as a 
beam. But in the second class of strains the intensity of 
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the force is constantly varying in many instances, and often 
tends to set np and maintain a series of vibrations inter- 
mittent or continnons; and if continuous, probably increas- 
ing in range and in violence so long as the machine con- 
tinues in motion. Where the force acting on an element 
impresses it at intervals with a tendency to deflect, and at 
each impulse in the same direction, a vibratory motion will 
be set up, which will increase until the elastic resistance of 
the material opposes such resistance that the successive 
impulses, although sufficient to maintain the vibration, are 
not powerful enough further to increase it ; here then the 
material must be disposed in such a form as is best suited 
to resist the force, according to the particular direction in 
which it will act. In another case we may observe forces 
causing vibratory motion but acting in opposite directions 
alternately, hence the material must then be distributed to 
withstand the impulse equally well in both directions; and 
in some instances of revolving elements they must be 
adapted to withstand force equally well in all directions. 

It will be readily seen that, the actions of strains on 
mechanical elements being so varied, it is necessary to be 
acquainted with the properties of different materials in 
order to determine of what kind any particular detail 
should be made ; thus, where blows and violent concus- 
sions are anticipated, some material must be used which, 
yielding by its elasticity, gradually takes up the strain, 
instead of opposing it instantly. It is easy to show how 
the property of yielding actually reduces the maximum 
force to which the element is subjected; thus, let us sup- 
pose that we have a weight of 50 lbs. falling through a 
distance or height of 10 feet; at the end of its fall there 
will be accumulated in it work equal to 50 lbs. raised 10 
feet, or 600 foot lbs. Suffer this accumulated work to be 

B 2 



4 INTRODUCTIOK. 

expended on a bar of metal, and let there be two bars of 
different materials and two equal weights falling upon 
them, then upon each bar there will be expended 500 foot 
lbs. of work, which will be done while the weight is pass- 
ing through a distance equal to the amount of bending or 
deflection of the bars corresponding to the force of the 
blow. 

The bars being of different materials will also exhibit 
different degrees of elasticity ; let it, therefore, be sup- 
posed that one bar bends through one inch under the blow, 
and that the other one deflects through two inches under 
the same blow ; knowing the amount of accumulated work 
expended, we can find the mean force by dividing that 
accumulated work by the space in which it is expended. 
We have 500 foot lbs. expended in passing through one 
inch, or one twelfth of a foot ; hence, dividing by ono 
twelfth, we find the mean pressure to be 6,000 lbs. pressure 
on the bar during the blow; in the second case we have to 
divide by two inches, or one sixth of a foot, so we find ia 
this case the mean pressure is only 3,000 lbs. on the bar. 
Hence it is evident that the strain produced by a blow 
upon a mechanical element (the blow being constant) ^ill 
vary universally as the range of elasticity of the material, 
so that the material best adapted for static load will often 
be unsuitable altogether to be opposed to concussion. 

We will now briefly refer to the properties of materials 
most generally used in the construction of machinery, &c. 

It has been shown that the properties of materials, con- 
sidered practically, vary principally in two respects: strength 
to resist fracture under steadily imposed forces, and elastic 
city, or the property of yielding, to some extent, by change o£ 
external form under the influence of external pressure; and 
such yielding does in all cases occur to a greater or smallex* 
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degree preyions to rapture, supposing that the strain is 
carried to the breaking point. The ultimate strength of 
materials is at once expressed in figures : thus we know 
that good iron bars will break at a tensile strain of about 
22 to 24 tons per square inch of sectional area, though 
some of very superior quality, such as Farnley iron, will 
sustain a strain of 30 tons per square inch before breaking. 
Cast iron will break in tension at 7 tons per sectional 
square inch; but in resisting compression it will sustain 
from 45 to 50 tons per square inch. Thus much for actual 
resistance to present rupture; but of elasticity there is 
more to be said, as by understanding the proportions in 
which it exists we are enabled to judge what Strains are 
likely to produce internal injury to materials, injury which, 
thoQgh unaccompanied by external symptoms, may be the 
commencement of a failure in strength which, being con- 
tinued by subsequent strains, ultimately leads to the 
rapture of the element under a strain far beneath its 
ultimate strength in the first instance. 

The differences of elastic properties in various bodies 
may without difficulty be traced to differences in chemical 
composition and molecular arrangement, but it is not our 
intention to enter upon these points in the present treatise, 
as their elucidation would not assist the more especial re- 
searches to which our efforts are directed. The elasticity 
of solids is exhibited under two distinctive phases, '' range 
of elasticity y " and ^* perfection of elasticity.^ Indiarubber 
has a great range of elasticity, and glass has a very perfect 
elasticity, with, however, a comparatively small range ; the 
range is shown by the extent to which a body may, in re- 
spect to its size, be distorted without rupture, and the 
perfection by the nearness to its original form and size 
which it will resume after being distorted for long periods. 
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A band of indiarubber, we know by common observation, 
soon becomes permanently stretched by continued exten- 
sion ; but a strip of good glass may be bent slightly for 
years, and will then resume its original shape and size 
when the deflecting force is removed. 

We have above explained that, in some cases, range of 
elasticity is preferable . to perfection of elasticity, as to 
resist concussion ; thus, though cast iron has more perfect 
elasticity than wrought iron, the latter is best adapted to 
withstand a blow, in the same way that glass is brittle and 
indiarubber is not. 

So long as any strain, put upon a machine or any por- 
tion of a machine, does not impair the perfectness of its 
elasticity, the ultimate strength of the material remains 
intact, but directly the material is permanently altered in 
form or dimensions, its strength is actually reduced, so 
long as that material is in the solid state. It may, there- 
fore, be concluded that no material should be subjected at 
any time to a strain so great that when such strain is re- 
moved it fails to recover its previous form and dimensions, 
or, in technical terms, it should not be strained so far that 
it will take a "permanent set,'' for until that point is 
reached the elasticity (or power of recovery from strains 
or blows) remains intact; it may also be noticed as a 
matter of common prudence that this point should not be 
nearly approached, but a fair margin allowed for emer- 
gencies ; thus good bar iron will not take a permanent set 
under about ten tons tensile strain per sectional square 
inch, but it is not usual in practice to load it with a 
strain exceeding five tons per square inch of sectional 
area. 
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PULLEYS, CHAINS, AND HOOKS. 

PuLLttYS, Chains, and Hooks, may be conveniently treated 
under one head, as, although they are not identical in prin- 
ciple, they are usually associated together in one machine, 
as in a crane or winch. 

Pulleys, if not of large diameter, are almost invariably 
made solid in the centre, that is to say, without arms, 
though sometimes the disc or central part is lightened out 
by holes being cast in it. 

In Figure 1, A and B respectively represent a vertical 
section and a side elevation of any ordinary cast iron pulley 
or snatch block, the section A being taken on the line 
a? - - - a?, c c shows the Fig. i. 

groove in the pulley to ^ _ -V 

receive the rope or chain ^ 
it is intended to carry or 
to work on; d is the 
gudgeon or centre, which 
in small pulleys is usu- 
ally fixed so that the 
pulley revolves freely upon it, but in large pulleys the 
gudgeon is firmly keyed on and revolves in bearings pro- 
vided to receive its ends ; e e shows the disc or central 
part of the pulley, which may or may not be perforated 
as shown by the circular holes//. 

In very small pulleys the disc e e is kept as thick as 
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the periphery measured over the groove c, but for larger 
ones, as this amount of metal is not necessary, it may be 
thinned down as shown, but care must be taken to leave 
sufficient metal at the part g to allow for the groove 
wearing deeper in working. The requisite thickness of the 
disc will presently be shown. In all cases where the load 
on a pulley is sufficiently important to require calculation 
of the strength of the parts, the centre or gudgeon upon 
which it revolves should be supported at both ends, in 
order that there may be no bending strain upon it, and 
that in fact the strain should be shearing force, which it 
will be if the bearings be put sufficiently close to the centre 
boss of the pulley, as shown at A Fig. 2, where rupture 
would occur, as shown pjg^ 2. 

at B, the gudgeon hav- 
ing been sheared through 
between the edges of 
the pulley boss and 
the bearings, as shown 
at c c c c, one portion of 
the gudgeon being left 
in the pulley, the two 
ends remaining in the 
bearings. It may occur, 
however, that the bearings cannot be put near enough to 
be close to the pulley if made of the usual thickness ; then 
the boss may be swelled out as shown at 6 e in the view D, 
so as to spread the bearing of the pulley over the whole 
length of the gudgeon, between the two fixed bearings. 
Having determined the nature of the strain upon the 
gudgeon or centre, its size may be determined according to 
the load the pulley is designed to carry. Supposing the 
gudgeon to be, as it usually is, made of wrought iron, we 




PULLEYS, CHAINS, AKD HOOKS. 9 

may allow, for the safe working strain upon it, four tons 
per square inch of sectional area; and in case of rupture it 
will have to be sheared through in two places as shown at 
B. Let the pulley be designed to sustain a load of sixteen 
tons in all, then there will on each section be a shearing 
strain of eight tons. As there are two sections carrying 
the load, let us see what diameter of the gudgeon is requi- 
site. Allowing four tons safe load per square inch, it will 
require two square inches to sustain the weight, hence the 
sectional area of the gudgeon must no where be less than 
two square inches. The required area of the gudgeon 
being known, to find its diameter we must divide the said 
area by 0*785 and extract the square root of the quotient: 
thus — 

•785)2-000(2-5477, &c. 
3 570 

4:300 

3925 



3750 
3H0_ 

6100 
5495 

6050 

• • • • 

Taking tho square root we have^ , / . 

l)2-5477(l-59, &c. inches. 
_1 

25)154 
125 



309)2977 
2781 

190 

• • • e\ 
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10 PULLEYS, CHAINS, AND HOOKS. 

or say If inch in diameter at the smallest part, which 
would be in the journals where the gudgeons rest upon the 
bearings. 

The gudgeon might therefore be of the form and size 
shown in Fig. 3, assuming the distance between the plum- 
mer blocks, in the clear, to -pi^. 3, 

be six inches. The journals j 

It 



AT 






'^ 



^L->s]f 




I 



HA 



C^-^ 



a a are made If inch in 

diameter. The length for 

a wrought iron journal K^ ^» 

should be about one and 

three quarter times the diameter, hence in this case it 

would be 2| — ,a but 2| inches is sufficiently near. The 

journals may have collars h on the end or not. In such 

a case as this there is no thrust in the direction of the 

length of the gudgeon, hence the collars may be small ; 

they are shown ^ of an inch deep, so that the body is 

1| inch in diameter. 

Haying thus determined the proportions of the gud- 
geons, we can now pass on to those of the pulley : — 

The diameter of the boss of the pulley should be twice 
that of the gudgeon, where it passes through the pulley ; 
and if it be made with arms, each arm must be made 
strong enough to sustain the whole weight upon the pulley, 
for it may happen that with four-armed pulleys the whole 
weight is actually upon one arm. In the case taken above, 
the load is sixteen tons. The nature of the strain is com- 
pressive, and taking the crushing strength of cast iron at 
50 tons, we may for machinery assume one tenth as the 
safe working load ; hence that load should not exceed five 
tons ; then dividing 16 tons by 5 we find the area of each 
arm of the wheel — 5)160 

8 2 
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If the pulley hare four armSy each one may be made of 
-f section measaringd inches wide and 2^ inches in breadth, 
the metal being | of an inch in thickness. The sectional 
area is thus fonnd : that of the broad or central web will 
be 3 inches by j, which is equal to (3 multiplied by 3 and 
divided by 4) 2*25 square inches; the feathers on each 
side of the web will be | inch by | inch thick, for the two 
I feathers added to | thickness of web will make up the 
2J inches, and two | inch feathers, j inch thick, have to- 
gether an area of 1*125 square inches, which added to 
2'2by the area of the web, equals 3*375 square inches, 
which is somewhat in excess of the required area. 

If the pulley have six arms, one arm will at no time 
carry more than half the total load ; hence there is a say- 
ing in having six arms, inasmuch as, while the number of 
arms is only increased from 4 to 6, the area and weight of 
each arm is reduced to one half. 

When the central parts of the pulleys are made solid, 
the thickness should, according to theory, decrease towards 
the periphery, but as such wheels are usually of small 
diameter this is not generally so arranged. In order to 
determine the thickness of the disc at the boss, we may 
consider the load carried by an arm having a breadth equal 
to the diameter of the boss, which in the above case would 
be S| inches ; hence, if we made the disc 1 inch thick, there 
would be sufficient strength, for that would give 3*75 square 
inches, being somewhat over the 3*2 square inches required 
by calculation. In very large pulleys the size of the arms 
becomes rather a matter of proportion, when the loads are 
light. If the pulley gudgeon runs in ordinary plummer 
blocks there is no need to calculate the metal required in 
them, as there is always plenty and to spare ; but it may be 
mentioned that where brass bearings are used it is unneces- 
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sary lo have two brasses to each journal, as the strain always 
being in one direction the wear is also all on one side of 
the centre, which side, therefore, alone requires a brass. 

The greater number of small pulleys used as snatch - 
blocks are carried in bearings of the form shown in Figure 
4, and these have fixed bolts upon which they revolve freely. 

In Fig. 4, A and B show 
two elevations of an ordi- 
nary snatch-block, as used 
for cranes, &c.; the pin 



Jl 
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upon which runs the pulley yjlH jh 
or " sheave," as it is often 
termed, being carried by the 
forked part ab; c c are " wings," the object of which is 
to prevent the chain from slipping out of the groove in the 
pulley, in case of the latter being accidentally tipped over 
from its normal position ; d shows the distance from the 
outside of the bolt or pin to the end of the forked bearing 
a h. In this case the tendency to rupture lies in the direc- 
tion from the bolt or pulley centre towards h, and in case 
of failure it will occur by the direct splitting open of that 
part. In the first place it is necessary to determine the 
requisite width and thickness of the upper parts of the 
forked bearing or strap a h, which, of course, has to carry 
the same amount of strain as is on the pulley. Each side 
should have a sectional area equal to that of the bolt 
carrying the pulley, or it may be determined from the 
strain direct. Assume the width to be twice the diameter 
of the bolt, then the required thickness will be found from 
the following rule : — 

BuLE. — To find the thickness of one side of the suspend-^ 
ing jaw in inches^ multiply the diameter of the holt in inches 
by 0-39. 
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Let the diameter of the holt he 1^ (1*25) inches, then 
the breadth of the suspending jaw being 2^ inches, the 
thickness of each side should be thus found — 

1*25 inches diameter of bolt 

0-39 

1125 

375 



*4875 inches. 
So that we shall have ample strength by making the 
thickness half an inch. If a different ratio of width be 
adopted, the following general rule should be worked to. ^ 
Rule. — To find the, thieknesa of one aide of the auapend- 
ing jaw in inchea, divide the aquare of the diameter of the 
bolt in inchea by the width of the jaw in inchea, and multi- 
ply the quotient by 0*78. 

Let the diameter of bolt be 1^ inches, width of jaw 2 
inches, then the thickness will be thus found : — 

1*25 inches diameter of bolt 
1-25 

625 
250 
125 



Width of jaw 2)1-5625 square of diam. of bolt 

•7812 

•78 multiplier 

62496 
54684 



•609336 inches thickness of jaw. 
This thickness would in practice be made f inch. 

We may here observe that it is not usual either to 
square or cube numbers in actual working, nor to extract 
the square or cube roots, but to take such processes from 
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tables in order to save time ; and haying shown the methods 
of working these two processes ; we shall in the remain- 
ing part of this treatise dispense with the working in fall, 
which occupies much space which we require for other pur- 
poses. The tables used will be those contained in the 
author's " Engineer's Pocket Bemembrancer," though of 
course any other accurate tables of squares and cubes, 
and square and cube roots, will serve equally well. 

The thickness of one side of the jaw being determined, 
it remains to ascertain the length, marked (7, which may be 
obtained from the following rule : — 

Bulb. — To ascertain the length of the jaw beyond the holt 
in inches^ divide the square of the diameter of the holt in 
inches by the thickness of the jaw in inches. 

Let the diameter of the bolt be I4 inches, and the 
thickness of the jaw \ inch. The square of 1^ inches is 
1'56 inch nearly. This is to be divided by ^ inch, which 
is equivalent to multiplying it by 2. Hence we have — 

1-56 
2_ 

3*12 inches 
In the next place must be considered the arrangement 
by which the jaw itself is supported. It is shown in Fig. 5. 



The upper part of the jaw is shown in 
section at a a, and through it passes a 
stud b b, formed with an eye at the top 
for attachment to a chain or other means 
of support. The neck of the stud, 
which is that part shown at c, should 
not be less in area than twice the area 
of the bolt upon which the pulley is 
carried ; and to obtain this area the 
diameter of c must be equal to 1*414 



Fig. 6. 
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times the diameter of the bolt carrying the pulley. Prac- 
tically, ire may call this 1'5 ; hence we have the following 
rule for the diameter of the smallest part of the stnd b b': — 

Role. — Make the diameter of the tttul (b b") equal to the 
diameter of the bolt carrying thepulky, multiplied by \b. 

Id the preriona case the least diameter of the bolt to 
carry the pulley is 1^, or 1-25 inches; hence the least 
diameter of the stad shoald be fonnd thns : — 

1-25 inches diameter of bolt 
1-5 

125 
1-875 
That is, the least diameter of studahonldbelJiDchesinlhis. 
The thickness of the head b' should nerer be less than one 
half of the least diameter of the stnd. The size of the eye 
fflU be shown in treating of the links of chains. 

This completes the acconnt of proportions for different 
parta of the ordinary palleys ; bnt some remark is necessary 
as to the form of the grooYe in the periphery. 

If a round rope of hemp or wire is used, p;- g 
the groove will be semidrcular in seciion ; J. 

if a flat rope, the groove will be rectan- 
gular ; for an ordinary link chain it will be 
of the form shown in Fig. 6, the part a b 
of thegrooTB receiving those links which lie 
flat, and the part c those on edge. 

Of pulleys transmitting power we shall not treat in this 
place, as they belong properly to gearing, those pnlleya 
with which we have here dealt merely doing the duty of 
altering the direction of a force. 

We will now pass on to consider the practical points in- 
Tolved in the manufacture and use of chains of various 
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descriptions and in so doing we enter npon a subject 
which requires a very much greater amount of considera- 
tion than has yet been devoted to it in published state- 
ments ; for every link of a chain has to transmit the whole 
strain to which the chain is subject, so that one faulty 
link renders the chain useless. Hence great care is neces- 
sary in testing a chain previous to applying it to the 
routine work for which it is designed, and, in point of fact, 
it is incumbent 
upon every engi- 
neer to examine 
carefully for him- 
self any chain he 
may have made, 
notwithstanding its 
its having passed 
the scrutiny of the 
licensed testing 
house; for we have 
known a chain, 

certified as being 

tested up to six- t=4 = ' ■ T^_ '~' . - 

teen tons, break a o 

few days after with a load of only eight tons on it. 

In the first place, we will consider the ordinary short 
link chain, of which one link is shown at A in Fig. 7. 

If we could have a perfect chain, its strength should he 
equal to that of two rods of the iron from which the links 
are made ; that is to say, a chain made out of iron one 
inch in diameter should bear in tension a load equal to 
that which two one inch rods would be capable of sustain- 
ing. In order to approach such a result, it is evident the 
iron in the ends of the links should be "upset," or 





:^ 
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thickened up, so as to present a sectional area approaching 
to the sum of the sectional areas of the sides of the link. 
Thus, it is observed, the ends of the links are when made 
of greater diameter than the sides. 

Now, as to the actual strength of the manufactured 
chain, there is much to be said, and the causes of failure 
are several : first, the iron may be deficient in tenacity ; 
second, it may be injured in the course of manufacture ; 
third, the weld or shut may be bad ; fourth, the gearing 
on which it is used may be unsuitable, and so bring 
unexpected and undue stress upon it. 

Let us consider the theoretical compared with the 
actual strength of a chain. A piece of chain was made of 
iron one inch in diameter, of the best quality used in that 
manufacture, and of which the breaking strain was 25 tons 
per sectional square inch. The sectional area of one side 
of the link will be that corresponding to a rod having a 
diameter of one inch, or 

0*7854 square inches. 
Hence the sectional area of the tux) sides of the link wili 
be double this, or 

1*5708 square inches. 

We may drop the last two decimals (08), and the breaking 
weight of the perfect chain would be 

1*57 total area 
25 tons per square inch. 

785 
314 



39-25 tons. 

Thus we find the theoretical strength o( the perfect chain 
should be nearly 40 tons ; but the chain actually broke 
under a strain of 24J tons gross load, — Whence a chain of 
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good make may be assumed to have the same ultimate 
strength as one bar of the iron of which it is made. 

It is a common practice to test chains np to two-thirds 
the breaking weight as a proof strain ; bnt for oorselyes, 
we see no use in going so high ; and on the other hand 
are fully conyinced by practical experience that many 
cases of failure are due to overstraining the material in 
the process of testing ; for if the substance be strained up 
to such a point as to permanently stretch it, then it is per- 
manently injured. The link of a chain will usually give 
way at the weld, hence every chain should be carefully 
examined before being used, in order to ascertain that the 
welds are perfect in every link. The method adopted con- 
sists in passing the chain through a smith's fire and heating 
it to redness, after which cold water is poured on each 
link : and if the shut be imperfect it will open, and thus 
exhibit the defect. At B, Fig. 7, is shown a stud link, 
which is the form generally adopted for heavy chain cables, 
the object of the stud piece or distance being to preserve 
the form and rigidity. 

C and D show side elevation and plan of a portion of a 
flat link chain, such as is used for very heavy work. It 
consists of a series of short bars fastened together by pins 
01 rivets, as shown. It will be observed that the links are 
arranged alternately in twos and threes ; hence, to keep 
the strength of the chain the same throughout, those 
links which occur in twos should be thicker than those 
where there are three together. Thus we might alternate 
two links three-quarters inch thick with three links of 
half-inch metal. 

The requisite size of the pins is determined by consider- 
ing the strain on the chain and the number of places where 
the bolt must be sheared, together with the mode in which 
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Buch straia is distribated through the links. Where the 
three links occur, it may be assumed that the load is 
equally distributed through, or that there is one-third of 
the load on each of the three links ; then it is evident that 
in the case of the outside link, the pin requires to be 
sheared in one place only for rupture to ensue ; therefore 
we have the following simple rule :— 

Rule. — To find the greatest strain on one section of a pin 
in aflat link chain, divide the total load on the chain by the 
greatest number of links placed together. 

In the present case three will be the greatest number. 
Let the load be 15 tons, then the strain on one pin is thus 
found for one section in such pin. 

3)15 

5 tons. 
And as, to resist shearing strain, wrought iron is safe at 4 
tons per sectional square inch, the area required will be 
1\ square inches, which area we find from a table of circles 
to correspond with a diameter of 1 J inch nearly; therefore, 
for such a chain, the links should be fastened together with 
pins of that size. 

In the next place we must determine the breadth of the 
links themselves. In the series of three we find on each 
link a strain of five tons ; hence, as the safe tensile strength 
of wrought iron is five tons per square inch, one square 
inch of sectional area will be required effective. If the 
link be \ inch thick, it must therefore be two inches broad ; 
and to this must be added the width lost by the rivet holes, 
which is 1| inches; thus making the width over the eyo 
altogether 3J inches. This width may of course be re- 
duced in the central part of the link. 

Where chains are merely running over pulleys, the links 
should be kept as short as may be, and the diameters of the 
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Fig. 8. 



pulleys large, in order that a fairly continuous beaiing 
may be obtained for the links as they pass ; for it is evi- 
dent that a long link, in passing over a small pulley, will 
rest on the same at its centre only, hence the links will be 
subject to a bending or tranverse strain, for which chains 
are never designed. Where, however, such small pulleys 
cannot be avoided, flat places may be formed on the 
periphery to receive the links as they come round. 

We will now pass on to consider 
the nature of hooks. At Fig. 8, A 
represents a hook carried in a 
shackle E, through which the neck 
D passes. B is a cross section 
through the lower part of the hook 
on the line c c. It is a species of 
egg oval, with the largest end on 
the inside of the hook, so as to fur- 
nish a good bearing for the ring, 
or other element placed upon the 
hook. 

The portion of the hook D which 
affords means of attachment to the 
shackle E is proportioned in the 
same way as the neck c of the ring 3 
or eye bolt b in Fig, 5, and the part 
A of the hook is of course in tension 
only ; hence it must have a sectional area of at least one 
square inch for every five tons of load to be carried. It 
may be useful to give some general idea for proportioning 
the sections of hooks in accordance with recent practice. 

The radius of the large (or top) curve, which is a little 
more than a semicircle, should be twice that of the small 
or bottom curve, and the total depth of the section three 
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times tlie radias of the larger cnrre. The radins of the 
inside of the hook from the line e c backwards (that is, 
towards the left hand of the figare), should be one half of 
the depth of the section B. Then from practice we find 
the following roles. 

Rule. — To find the safe load on a hook (of the above 
proportion) in tone equarOj the depth of the section (B) in 
inches. 

Thns, the safe-working load on a hook 4 inches deep 
will bo 

4 inches deep 
• 4 



n n 



16 tons safe load. 

This probably amounts to about Jth of the breaking 
weight of a wrought iron hook. If the load be given we 
have — 

Rule. — To find the depth of section in a hook {of the 
above proportion) in inches to carry safely a given load in 
tons J take out the square root of such load. 

Thus the depth of hook to carry safely a load of nine 
tons should be three inches. These rules may be easily 
remembered if once the proportions of the sections be 
lcamcd| as no fractions are InTolved in the calculation. 
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WINCHES, CRABS, AND CBANES. 

The principle inyolred in the gearing of wincbes, crabs, 
and cranes, is the same in all, and in point of fact a crab 
is only a winch with additional gearing. 

The object of gearing is to enable a small force moving 
at great velocity to overcome a greater force moving at 
a less velocity, or, on the other hand, to convert great 
pressure and low velocity, into a quick velocity with lower 
force or pressure. In any one machine the forces acting 
on any of the elements will be inversely proportionate to 
the velocities at which such elements are moving. 

The simplest form of winch merely consists of a small 
drum, on an axis to which is fitted a handle at one end, 
or two handles one at each end. The gain in force over 
that applied by the handle depends on the ratio of the 
distance passed through in a given time by the handle to 
that passed through in the same time by the surface of 
the drum or barrel in which the rope is wound. 

Let us assume for example that a winch has a barrel 
6 inches in diameter, and a handle 15 inches radius. Now, 
because the circumferences of circles vary directly as their 
diameters, the relative distances passed through in a given 
time (say one revolution), will vary as the diameters; 
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hence the distance through which the handle passes to that 
through which the snrface of the dram passes, will be as 
80 to 6 (for 15 inches being radins of handle, its end will 
describe a circle of 30 inches diameter). Hence, for a 
simple winch to find its force we hare the following mle. 

Rule. — To find the pull which may he exerted by any 
given unnch, multiply th^ %ean force applied on the winch 
handle by one man, by the number of men working at the 
winch; multiply the product by twice the radius (or length) 
of the winch handle in inches, and divide the product by the 
diameter of the barrel in inches. The quotient will be the 
pull on the rope attached to the barrel. 

Let the average force which one man exerts in taming 
a winch handle be taken at 30 lbs., and assume the winch 
to have two handles, at each of which two men may work; 
then there will in all be four men working at the winch. 
Let the other dimensions be the same as taken above, the 
pull will be thus found : — 

30 lbs., force of one man. 
4 men working at winch. 

I20 

30 ins. twice radius of winch handle. 

Diam. of barrel 6)3600 

600 lbs. pull on rope. 
With regard to the speed at which such a weight would 
be lifted, we may assume that twenty-five turns of the 
handle may be made per minute ; and of course the same 
number of turns of the barrel keyed on the axle or barrel 
shaft; then, as the circumference corresponding to 6 inches 
(the diameter of the barrel) is found to be 18*84 inches, 
that will be the length of rope wound up per revolution 
and the speed per minute will be 
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18*84 inches per reyolution. 
25 rerols. per znin. 

9420 
3768 



12)471-00 inclies per min. 
§9*25 feet per min. 

The winches however now in nse increase the force in 
a mach greater degree, there heing spur gearing (toothed 
wheels) interposed hetween the handle and the barrel. 
In this case it will be necessary, in calculating the power, 
to determine the ratio of the velocities per mintUe of the 
handle and the barrel. Having found the relative numbers 
of revolutions per minute, we can then, from the ratio of 
twice the length of the handle to the diameter of the bar- 
rel, find the total increase of power ; if in the above case, 
for instance, gearing were to be interposed between the 
handle shaft and the barrel, so proportioned that the 
handle revolves once for 100 revolutions of the barrel, the 
force would be increased by 100 times, or would be equal 
to a pull of 6000 lbs. ; but as the barrel would only make 
one revolution while the men make 100, the speed would 
be lessened accordingly, and the speed at which the 
GOOO lbs. would be lifted, become 0-3925 feet per minute. 

From this it will be seen that, by such machinery as 
that of which we are treating, there is no increase of 
power — for what is gained in force^ is lost in speed; and 
power is a term used to express a certain amount of work 
done in a given time ; and this is where, for want of a 
little consideration, a beginner may get confused (as per« 
petual motion schemers generally do) in trying to gain 
force without losing speed, or speed without losing force. 

We will now pass on to consider the nature of the gear- 
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ing which is used to yary conditions of speed and force. 
The friction between surfaces of rollers in contact is such 
that, if there 
is no great op- 
position, the 
rotation of 
one may be 
communicated 
to another 
with which it 
is in contact; 
thus, we may 
imagine the 
dotted circles 

a, in the accompanying figure 9, to represent two rollers in 
contact and capable of revolying on their axes ; then, if mo- 
tion be imparted to one roller, it will drive the other the 
relative number of revolutions in a given time (or the angu- 
lar velocity, as technical writers are in the habit of terming 
it) being inversely proportional to the circumferences (or 
diameters) of the rollers. Thus, if the roller A were 
twice as large as roller B, the latter would revolve twice 
while the former revolves once, for two revolutions of B 
would just enable it to travel once over the circumference 
of A. Usually the friction between the surfaces of the 
rollers would not be sufficient practically to overcome the 
resistance opposed to the motion of the wheels ; hence the 
peripheries are serrated, or formed into teeth, a part being 
outside the surface of the supposed roller and part within, 
being placed between the circles b and c. The dotted 
circle a, at which the rollers would come in contact, if 
used, is known as the pitch circle. The teeth are some* 
what longer inside the pitch line than outside, in order to 
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allow a little clearance, so that the teeth may not '' lock ** 
or jam. The distance between the containing circles b and 
c is called the length of the teeth, and their dimensions on 
the pitch line the thickness ; the measurement parallel to 
the axis of the wheel, the breadth; and the distance from 
centre of one tooth to that of the next, measured on the 
pitch line, the pitch of the wheel. 

In form, these teeth should be comprised between epicy- 
cloidal curves, in order to be mathematically correct ; but 
it is a very common practice with millwrights to set them 
out with circular segments which nearly approach the true 
theoretical curve. The object of adopting a certain curve 
is, that the teeth may roll on each other^ and not ru^ their 
surfaces together when working. As this requires, in ad- 
dition to the exact curve, very true workmanship and exact 
<' pitching," that is, placing the centres of the wheels at 
exactly their proper distance apart, it is not likely that 
perfect working is ever obtained, and, if it is at first, it 
will scon be lost by wear ; hence it is not improbable that 
the circular arcs referred to are sufficiently near to give 
as good results as may be Figr- 10. 

expected in general prac- 
tice ; the curves are gene- 
rally struck above and 
below the pitch line in 
circular arcs, having a 
radius equal to, or nearly 
equal to, the pitch of the 
teeth. 

Having said thus much 
about the form of teeth, 
we will pass on to consider 
a question of equal, if not superior importance, — that is, 
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the strength of the tooth of a wheel or pinion. Small 
wheels working in gear with large ones are commonly 
called pinions : t in fig. 10, is a side elevation of one tooth 
of a spar wheel, and c a front elevation of the same, 
viewed hy taking a section at A B. The shaded part 
shows the ring portion of the wheel immediately helow the 
teeth. The tooth is to be regarded as a short bracket 
fixed at one end and loaded at the other, hence the actual 
strain a tooth is capable of bearing is found by the follow- 
ing rule : — 

RuLls. — The load that will break a sound cast-iron tooth 
is found hy multiplying the square of the thickness #/ the 
tooth in inches hy the breadth (c) of the tooth in inches^ 
dividing the product by the length in inches^ and multiplying 
the quotient by 8000. The result will be the breaking strain 
of the tooth in pounds. 

For an example, let us assume the tooth to be 3 inches 
long, 6 inches broad, and 2 inches thick at the base or 
root (where is the part at which it would break, being the 
section of maximum strain). 

2 inches thick 
2 inches thick 

4 square of thickness 
6 inches broad 

Length 3)24 

"8 
8000 

64,000 lbs. breaking weight on tooth. 

If we take one sixth the breaking weight as being the 

$afe working load, then the wheel with these teeth may 

safely take a stress on the tooth of 10,666 lbs. In actual 

practice, however, we are reouired to calculate the thick- 

c2 
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ness of a tooth to sustain a given strain, rather than the 
strength of an existing tooth ; and for this, of coarse, the 
thickness requisite safely to carry the load is required. 
Generally one sixth of the breaking weight is considered 
safe; and, on that supposition, we give the following 
rale: 

BuLE. — To find the required thickness necessary to carry 
in safety any given stress in pounds, multiply such stress by 
the length of the tooth in inches, divide the product by the 
breadth in inches and by 1333, and extract the square root 
of the quotient; the result will be the required thickness in 
inches* 

Example : Let the stress be 10,000 lbs., and the breadth 
of tooth 6 inches, length 3 inches. 

10,000 pounds stress 
3 inches length 

Breadth 6)30000 



1333)5000(3-75 
3999 



10010 
9331 



6790 
6665 

125 

• • • 

We have now to find the square root of 3*75, which, 
from a table, we ascertain is 1*93 inches. 

Some millwrights adopt as a standard proportion of 
breadth, to always make it twice the length, and by so 
doing the rule is simplified thus : — 

EuLE. — To find the breaking weight on a tooth, of which 
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the breadth is equal to twice the lengthy multiply the square 
of the thickness of tooth in inches by 16,000. 

Let the thickness of the tooth be 2| inches, required its 
breaking weight, 

2 '5 thickness 
2*5 thickness 

125' 

50 



6-25 
16000 

3750000 
625 

100,000-00 lbs. breaking weight of tooth. 

And to find the thickness to resist a given stress we have, 
taking one sixth of breaking weight as safe load : — 

Rule. — To find the thickness of tooth necessary to carry 
safely a given stress when the breadth of tooth equals twice 
the lengthy divide the stress in pounds by 2666, and extract 
the square root of the quotient. The result well be the 
thickness of tooth in inches. 

Let the stress be 16000 lbs. 

2666)16000(6 
15996 

The -s^ttftre root of 6 is fonnd to be 1^8 inches, which will 
be the required thickness of tooth. 

The same laws herein giyen for spnr wheels will equaUy 
apply to beyel spur wheels and worm wheels. 

The osnal proportions adopted for the teeth of wheels 
are here subjoined, forming what is termed the Manchester 
scale : — 
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Let the pitch be 


taken as 


100 


The depth will bo 




75 


The working 




70 


The clearance 




5 


The thickness 




45 


The width of space 




. 55 


The play 




10 


The length beyond pitch line 


35 



Thus we see that the pitch of the tooth, maltiplied by 
0*45, will give the proper thickness of tooth ; and con- 
versely, the thickness of tooth divided by 0*45 or maltiplied 
by 2*23 will give the pitch. Hence, if the proportion 
of breadth and length above assumed be adopted, the 
proper pitch is thus found ; — 

EuLE. — To find the proper pitch for a given stress tc he 
safely carried by a toothed wheels multiply the square root 
of the stress by 0*044 lbs. The result will be the pitch in 
inches. 

Let the stress to be sustained by the tooth of a wheel 

be 57121 lbs. ; the square root of this is 239 ; hence the 

pitch is thus found : 

239 square root of stress. 

•044 



956 
956 

10*516 inches pitch. 

In pinions and small wheels the teeth are sometimes 
additionally strengthened by being shrouded on one or 
both sides. A pinion shrouded on one side is shown at D, 
Figure 10. 

E F E shows a cross section of a tooth of a wheel 
shrouded half way along the tooth. E E are the 
shroudings. 
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A few words are now necessary as to the mode of find- 
ing the strain or stress on a toothed wheel. Let a winch 
handle be applied to the axis of the pinion B, in Fig 9, of a 
length equal to 15 inches, and let the radius of the pinion 
be 12 inches ; then, by the law of the lever, 

RuLB. — The stress on the pinion is found hy multiplying 
the force on the winch handle hy the length of the handle ^ 
and dividing hy the radius of the pinion. 

If the force on the handle be 50 lbs., the strain on one 

tooth is thus found : 

50 lbs. 

15 inches (length of handle) 

250 
50 



Kadius of pinion 6)750 



125 lbs on tooth. 
From the pinion B this force is passed to the teeth of 
the wheel A ; and if there be another pinion of the same 
axle with A, to transmit the strain farther, a similar 
process is again applied. Let wheel A be of radius 20 
inches, and have on its shaft a pinion 5 inches radius. 
The strain on one tooth of the second pinion will be thus 
found : — 

125 lbs. stress on tooth of wheel 
20 inches radius of wheel 



Badius of pinion 5)2500 

500 lbs. on tooth of second pinion. 

If it be required to find the stress on the tooth of a 
wheel which is so placed as to transmit a known actuai 
horse power, the stress on the wheel can be determined if 
its Telocity be known. 

One horse-power represents 33,000 foot lbs. pet minute \ 
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hence, to find the strain on the wheel tooth, we divide the 
horse-power by the yelocitj, and multiply by the value 
given above ; hence the rule : — 

KuLE. — To find the stress on the tooth of a wheel driven 
hy a prime mover of known power in Ibs.^ multiply the 
horse-power transmitted by 33^000, and divide hy the number 
oj feet per minute the periphery of the wheel moves. 

The velocity of the periphery of the wheel in feet per 
minute is found by multiplying the number of revolutions 
of the wheel per minute by its diameter in feet, and by 
3*1416 ; hence, embodying this in the foregoing, we obtain 
the following more complete rule : — 

Rule. — To find the stress on the tooth of a wheel driven 
hy a prime mover of known power in lbs,, divide the horse- 
power transmitted by the diameter of the wheel in feet, and 
by its number of revolutions per minute, and multiply the 
quotient by 10,500. 

Let the power transmitted be 40 horse-power, the 
diameter of the wheel 20 feet, and its number of revolu- 
tions per minute 5 :^- 

Diameter of wheel 20)40 horse power 

Revolutions per min. 5)2 

"o^ 

10500 constant 



2000 
40 



42000 lbs. on tooth of wheel. 
From which, of course, the requisite dimensions of tooth 
may be determined by the foregoing rules. 

As a rule, in a train of wheels commencing at one end 
with a pinion, that pinion drives a wheel on the shaft of 
which is another pinion driying another wheel carrying 
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another pinion, and so on, according to the number of 
motions used. In such a case, to find the ratio of volocities 
between the first and last shafts use the following rule : — 

BuLE. — To find the ratio of number of revolutions 

(angular velocity) between the first and last shafts, mid- 

tiply the diameters of all the wheels together, also multiply 

the diameters of all the pinions together, and divide the 

former product by the latter. 

Let us take an example of a train of wheels composed 
as under : — 

First shaft carries a pinion 10 inches diameter, gearing 
with awheel 36 inches diameter carrying a pinion 8 inches 
((iameter, gearing with a wheel 40 inches diameter carrying 
a pinion 12 inches diameter, gearing with a wheel 60 
niches diameter, fixed on last shaft. 

Diameter of first pinion 10 36 Diameter of first wheel 

,1 second „ 



„ third „ 



8 40 „ 

80 1440 

12 ^0 „ 


second „ 
third „ 


960 ) 86400 ( 90 
8640 






Hence the last shaft rerolves once while the first shaft 
makes 90 reyolutions ; so we hare a machine by which we 
can increase or diminish the speed imparted to it 90-fold. 

Let us regard it as a crab, and on the first shaft there 
shall be a winch handle 15 inches long (describing a circle 
30 inches diameter), and on the last there shall be a chain 
barrel 12 inches in diameter. 

In one revolution of the first shaft the point of appli- 
cation (the end of the winch handle), passes through a 
circle corresponding to 30 inches diameter, that is in cir- 

c8 
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camferencG 94*2 inches. The chain on the barrel passes 
in one reyolution through the circamference of a circle 12 
inches in diameter, or 37*68 inches ; bat the first shaft 
makes 90 revolutions to one of the barrel, hence the point 
of application of power passes through 8478 inches, while 
the rope passes through 87*68 inches ; hence the pull is 
increased as follows : — 

37-68)847800(228 
7536 

9420 
7536 



18840 
18840 
Thus we see the pull is increased in the ratio of 225 to 
1 ; so that on such a crab, one man pressing with an 
average force of 30 lbs. on the handle would be able to 
overcome a resistance 225 times as great ; or,— 

225 ratio 
80 lbs, force applied 

6750 lbs. 
Hence one man would be able to raise more than three 
tons, but of course very slowly. 

We will now proceed to consider the proportioning of 
shafts, to resist torsion or twisting. 

It is found that the strength of a shaft varies directly as 
the cube of its diameter, so the force being known that 
will twist a shaft one inch in diameter asunder, it is easy 
to calculate the breaking force of any other sized shaft of 
the same material. The force of torsion varies as the force 
applied multiplied by the length of the lever at the end oi 
which it is applied; thus 1201bs. acting on a shaft through 
a wheel 20 inches radius would produce torsion equal to 
2400 inch lbs. 
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Good wrought iron one inch in diameter will break un- 
der torsion of 12,000 inch lbs. Hence the diameter of a 
shaft corresponding to a giren breaking weight will be 
found from the following rule : — 

HuLE. — To find the diameter of shaft corresponding to 
a given breaking weight in pounds acting at a given distance 
in inches from, the centre of shaft (for wrought iron), mul- 
tiply the weight hy the distance^ divide by 12,000, and eX' 
tract the cube root of the quotient. 

Let us assume that we require a shaft to carry safely a 
strain of 14,000 lbs. acting on the pitch circle of a wheel of 
30 inches radius. For safety we will assume that we 
should not strain the shaft to more than one-fifth of its 
breaking load. Hence, if 14,000 lbs. be the safe load the 
breaking load will be — 

14000 lbs. safe load 
5 factor 



70000 



Hence we must calculate the diameter of a shaft, of which 
the breaking strain will be 70,000 lbs., acting at a distance 
of 30 inches from the. centre of the shaft. 

70000 lbs. breaking weight 
30 inches distance 



12000) 2100000 inch lbs. 

175 

The cube root of 175 is 5*59 inches, or say, 5f inches, 
and the diameter of the shaft should in no part be less. 

For different materials the division 12,000 must be re ^ 
placed according to the nature of material used. The fol- 
lowing are the constants applicable to various shafts, round 
and square. 
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1 in. round bar. 1 


in. square bar. 


Cast iron . . . 


. 11943 




. 15200 


English wrought iron , 


. 12000 




. 15360 


Swedish „ „ 


11400 




. 14592 


Blister steel . . . . 


. 20000 




, 25497 


Shear steel . . . 


. 20500 




. 26112 


Cast steel . • . . 


. 21111 




. 26880 


Yellow brass . . . 


5549 




7065 


Cast Copper • . . 


4825 




. 6144 


Tin 


1688 




2150 


Lead ..... 


1206 




1536 



As to the proportioning of shafts to resist dead weight 
or load upon them, if it acts near enough to the bearings 
to merely produce shearing strain, then the case may be 
treated in the same manner as explained for pulley spindles, 
and illustrated in Fig. 3. But on the other hand if a 
wheel or other load act upon a shaft at a distance from 
the bearings, it will gire rise to transverse strain, and the 
following rule must be adopted ; — 

Rule, — To find the diameter in inches of a shaft under 
cross strain with the load at the centre, multiply the load in 
.pounds hy length between hearings in inches^ divide the pro^ 
duct hy 14400, and the cuhe root of the quotient will he the 
diameter of a shaft having the breaking weight equal to the 
given load. 

Let a wrought iron shaft be loaded with a wheel weigh- 
ing 8000 lbs., its distance between bearings being 20 
inches ; it is required to find the diameter of a shaft to 
safely carry this load ; let the strength of the shaft be five 
times the load, then the breaking weight should be 

8000 lbs. working load 
5 factor of safety 

40000 lbs. breaking weight. 
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From which we thas find the diameter required. — 

40000 load in lbs. 

20 in. between bearings 

14400 ) 800000 ( 55-5 
72000 



80000 
72000 

8000 



The cube root of 55*5 is 3*81 inches, so in practice the 
shaft should not be less than 4 inches in diameter. 

If, however, the load be not in the centre of the 
shaft, the length between bearings mast be substituted 
bj a number found from the following supplementary 
rule : — 

SupPLEMENTAUT RuLB. — Multiply the distance of the 
load from one hearing in inches by four times its distance in 
inches from the other bearing, and divide the product by the 
length between bearings in inches. 

Let the length of shaft be 30 inches, and the load placed 
at 20 inches from one end, and therefore 10 inches from 
the other. 

20 inches distance 
10 



» >f 



200 
4 constant 



Length 80)800 



23-3 inches. 

Hence we should in this case use the previous rule, but 
substitute 23*3 inches for the length. 
Before leaving the subject of wheels and shafts, a few 
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remarks upon keys for making the wheels fast on the shaft 
seem necessary. Wherever gearing is used to transmit 
power, there is a tendency of the wheels to tarn upon the 
shafts instead of imparting rotatory motion to them ; hence 
the wheels must be sufficiently firmly fixed on the shaft 
to preyent its slipping ; and this is usually done by insert- 
ing one or more keys in a groore or grooves cut in the in- 
terior of the boss of the wheel and in the shaft, so that 
the thickness of the key is partly in the wheel, and partly 
in the shaft. 

The effect of the stress on the wheel is to produce a 
tendency to turn the key over on its comer and split the 
boss of the wheel ; hence it is necessary so to proportion 
the key that this tendency may be reduced to a minimum. 
The tendency to turn over will be at a maximum when the 
key is of perfectly square section and exactly half its depth 
in each ; for then it is evident that if there be any weak- 
ness, the key will wear loose in both shaft and wheely and 
in consequence may actually turn on its edge until it 
splits the wheel ; but if the key be more deeply imbedded 
in the shaft it cannot turn round although the wheel 
should get somewhat loose, and in fact the key should be 
as firm on the shaft as if it formed a portion of its sub* 
stance. 

The actual nature of the normal strain on a key is 
shearing, as the wheel tends to shear off that part of the 
key which stands above the surface of the shaft itself; and 
in case of failure it would therefore be cut through a sec- 
tional area equal to its length, multiplied by its breadth. 
Thus a key four inches long, and three-quarters of an 
inch wide, would present a sectional area of three square 
inches requiring a force of about 50 tons to shear it 
through. 
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To find the stress on a key due to force transmitted 
through a given wheel, we have the following rale : — 

KuLB. — To find the stress on any given key in pounds, 
multiply the stress in pounds on the periphery of the wheel 
by the diameter of the wheel in inches, and divide the pro- 
duct by the diameter of the shaft in inches. 

Let the stress on the periphery of a wheel 15 inches 
diameter be 25,000 lbs., and let the diameter of the shaft 
upon which it is to be made fast be 6 inches. 

The stress on the key will be thus found, — 

25000 lbs. on wheel 
15 inches diameter 



125000 
25000 



Diameter of shaft 6) 375000 



62500 lbs. stress on key. 

The key should not be strained above one quarter of its 

breaking weight; hence the key should be calculated for 

a breaking strain. 

62500 

4 



250000 lbs. 
The ultimate shearing strain per square inch for wrought 
iron is 36,000 lbs. Hence the number of inches area re- 
quired will be 

36000) 250000(6-9, or say 7 inches* 
216000 



340000 
324000 

16000 
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So this strain wonld be met by one key 7 inches long by 
1 inch wide. Of coarse the length of the key will be re- 
gulated by the thickness of the boss of the wheel. 

Next we mast consider the depth the key should be im- 
bedded in the wheel and in the shaft, and we will commence 
by assuming the depth in the shaft to be one and a half 
times that of the key way in the wheel, so that three-^fths 
of the thickness will be in the shaft, and two>fifths in the 
boss of the wheel. The tendency will be to crush the metal 
in the boss of the wheel, and the ultimate resistance of cast 
iron to compressiye force is 120,000 lbs. Therefore, taking 
the breaking strain as above at 250,000 lbs., the bearing 
of the key on the wheel should be 

120000) 250000 (208 square inches 
240000 



1000000 
•960000 

•40000 



Hence the depth of key way shoulct be 

7) 2-08 

•294 inches, 
if only one key is used. 

The strain on the shaft due to the key is partly tensile 
and partly compressive, but if the depth in the shaft be 
made from one and a half times to twice the depth in the 
wheel boss sufficient strength will be given. 

Where the strains to be transmitted are great, it is 
always advisable to have two or four keys in place of one, 
as by so doing the strain is more uniformly distributed 
round the boss of the wheel, and the liability to split is 
reduced to a minimum. 
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H&Ting considered the proporUoning of the Tuioua 
parU of the gear to withstand the strains to which it will 
b« BQbjected, we will now pass on to consider its application 
to cranes, of which there are three principal sorts, post 
crones, whicli are also called wharf cranes; wall cranes, 
also called warehouse cranes; and travelling cranes, which 
are monnted on wheels to render them portable. 

Traversers are merely crabs mounted on morable plat- 
formB travelling on overhead girders. 

Fignre 1 1 represents an ordinary post crane, commonly 
used for landing goods. The gearing is not shown in the 
cut, as onr present pnrpose is to deal with the main ele- 
ments of the crane. It consists essentially of a post or 
pillar.C, which is Pig, n, 

firmly imbedded \ 

in masonry or 
other fonnda- 
tions, D, and to 
the pillar are at- 
tached the jib B 
and tie bar (or 
bars, there nsa- 
ally being two 
of tiiem) A ; the 
weigh t,W,iB sns- 
pended from the 

end of the crane at the junction t of the jib and tie. We 
will now consider how these difierent parts should be pro- 
portioned. 

The simplest method of finding the strains on the jib 
and lie consista in describing a parallelogram of forces 
npon the skeleton drawing of the crane, which is done as 
follows ;— 
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From point t, where the jib and tie meet, a line is 
drawn in the direction of the weight W ; being really a 
vertical line, the centre line of the tie is continued through 
I towards h. On the line i W mark off a conyenient 
distance, representing to some known scale the load 
W, and let it be i G ; then, from the point G, draw the 
lines GfjQh, parallel respectively to the lines t h and/i, 
then the lines / t, t k will represent the strains on the tie 
bar and jib respectively. That is, from the constructed 
parallelogram of forces /G h t, we find the strains by the 
following rules :— 

Rule. — To find the strain in lbs, on the tie bars, multi- 
ply the load in lbs. by the length h i in inches^ and divide 
the product by the length i G in inches. 

Rule.— Ibyfnt? the strain on the jib, multiply the load 
in lbs. by the length i f (or h G) and divide the product 
by the length i G, both in inches, 

G h and / 1, being opposite sides of a parallelogram, are 
equal ; hence, in the triangle G h t, we find the load and 
the two elastic resistances which sustain it represented 
respectively by the lines G t, G A, and t h, and the relative 
inclinations or dispositions of these are determined by the 
form of the crane. If a centre line were drawn vertically 
through the post C, and the tie and jib centre lines pro- 
duced to meet it, we should have a triangle of exactly the 
same proportions as that formed by G t A. Hence, in 
calculation we may employ the triangle formed by the 
centre lines of the drawing instead of describing a separate 
parallelogram. The portion of the centre line of the pil- 
lar cut off between the tie rod and jib centre lines will be 
called the height of the crane, and the other lines, indicated 
as the lengths of the tie and jib, their lengths, being 
measured from their point of junction with each other to 
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their points of junction with the rertical centre line. The 
lengths may be taken in inches or feet, but mast all be 
taken in the same name ; if the height is in inches, so must 
be the jib, &c. 

KuLB. — To find the strain in lbs. on the tie bars of a 
crane^ multiply the load in lbs, by the length of the tie bar^ 
and divide the product by the height of the crane ; the quotient 
will be the required strain in lbs. 

Let the load on a proposed crane be 20,000 lbs., the 
length of tie bars (on centre line) 27 feet, and the height 
of crane post (on centre line) 8 feet, then we have 

20000 lbs. load 

27 feet length of tie bar 

140000 
40000 



Height of crane 8)540000 

67500 lbs. strain on tie bars. 

]f we assume 10,000 lbs. per sectional square inch as safe 
load, then, dividing the above by this we get 

10000)67500 lbs. 

6*75 square inches area of tie bars. 

From this we find that two round bars, each 2i inch in 
diameter, would meet the requirements of the case 

Now for the jib we hare 

Bulb. — To find the strain in lbs, on the jib oj a crane j 
multiply the load in lbs, by the length of the jib, and divide 
the product by the height of the crane, the quotient will be 
the strain on the jib in lbs. 

In the above case let the jib of the crane be 82 feet in 
length, the strain upon it will then be found from the fore- 
going rule as follows : — 
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20000 lbs. load 

32 feet height of jib 



40000 
60000 



Height of crane 8)640000 

80000 lbs. thrust on jib. 
If the jib be of cast iron, it may be considered safe to 
impose a strain of 12,000 lbs. per sectional square inch, so 
that its sectional area should be 

12000 ) 80000 lbs. thrust 

6*66 square inches. 
If, however, it were made of wrought iron, the working 
thrust should not exceed 8000 lbs. per square inch,* hence 
the area should be 

8000 ) 80000 lbs. thrust 

10' square inches. 

The pulleys, bolts, and eyes for carrying same will be 

determined on the principles already laid down in the first 
chapter. 

Haying thus dealt with the ties and jib, we must con- 
sider the post or pillar. On this part of the machine it 
is eyident there is a bending or transverse strain tending 
to break the pillar off close to the bottom where it is at- 
tached to the foundation, the strain being transmitted 
through the tie A to the top of the pillar 0. We may, 
however, take a direct way to arrive at the stress. The 
load W is acting with a leverage equal to its distance from 
the centre of the pillar to bend the latter ; so that, if, 
with* the foregoing load, the distance from the centre of 
crane post horizontally to the line rW were 25 feet, the 
moment of bending strain on the base of the pillar would 
be 
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20000 lbs. load 
25 feet leverage 



100000 
40000 



500000 foot lbs. moment of strain. 
If we assume that the working strain be taken at one 
fifth of the breaking strain, then the breaking strain of 
the post for the proposed crane should be 

. 500000 
5 

2500000 foot lbs. 

To determine the diameter corresponding to a given 
breaking load, we have the following rnle : — 

Bulb. — To find the diameter of a cylindrical beam (in 
inches) corresponding to a given breaking weight, multiply 
such weight in lbs, by its leverage in feet, and divide the 
product by 480 for cast iron (or by 768 for wrought iron) 
pillars (solid), and extract the cube root of the quotient. 

In the above case the load is 20,000 lbs., so the break- 
ing load will be five times this, or 100,000 lbs. Suppose 
the pillar to be of wrought iron— 

100000 lbs. breaking weight 
25 feet leverage 



768)2500000(3255 
2804 

1960 
1536 

4240 
3840 

4000 
3840 

' 160 
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The cabe root of 3255 is 14*82 inches, hence we may 
say that practically the diameter of the pillar for such a 
crane should not be less than 15 inches. 

Assuming the pillar is strong enough to withstand the 
bending strain, we have now to consider how the founda- 
tions stand affected. The pillar of the crane is firmly im- 
bedded in a solid mass of masonry, D, which rests upon a 
bottom plate or radial casting, of which there is another 
on the surface. Then^ supposing the foundation to be well 
made, and neglecting any assistance it receives from the 
surrounding soil in which it is imbedded, the weight will 
tend to turn it or upset it upon the edge nearest to the 
load, which load will act with a leverage equal to its dis- 
tance from such edge ; while to oppose it we hare the 
weight of the foundation multiplied by the distance of its 
centre of gravity from the same edge. If, however, any 
actually bearing on the edge of the foundation were to 
occur, that edge would break off; hence, for safety^ we will 
call the upsetting moment that which is equal to the load 
multiplied by its leverage measured up to the centre of 
the crane post. 

Then the weight of foundation may be found correspon- 
ding to an overturning moment from the following rule ; 

BuLi:. — To find the weight of a rectangular foundation 
in lbs. for a crane equal to a given breaking weighty tnul- 
tiply the load in lbs. by its horizontal distance in feet from 
the centre of the crane post, and divide the product by halj 
the width in feet of the foundation. 

In the foregoing case let the foundations be made 12 
feet square, then half the breadth will be six feet. 

The load is 20,000 lbs., and using three as a factor of 
safety, the upsetting load would be 60,000 lbs., upon 
which we may proceed : — 
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60000 lbs. upsetting load 
25 feet leverage 



800000 
120000 

6)1500000 

250000 lbs. weight in foundation. 

Let the weight of the material used in the foundations 
be 120 lbs. per cubic foot, then, as the foundation is 12 
feet square, each foot of thickness will weigh :— 

120 lbs. per cubic foot 
144 square feet 

480 
480 
120 



17280 lbs. per ft, of thickness. 
Whence we obtain the required depth of foundation by 
dividing the gross weight required by the weight per foot ; 
thus :— 

17 280)250000(14-4 feet 
17280 

77200 
69120 



80800 
69120 

1680 



This foundation would, therefore, actually be made 12 feet 
square, and 14 feet 6 inches in depth ; but, of course, if 
made wider it would admit of being much reduced in 
depth, as not only would the weight per foot of thickness 
be increased, but also the leverage in favour of the foun- 
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daiion. It may be interestiDg to illustrate the difference. 
Let the foundation be 18 feet square, the half of this will 
be 9 ft. 8o, proceeding as abore, we find : — 

60000 lbs. upsetting load 
25 feet leverage 



800000 
120000 

9)1500000 

166666 lbs. weight in foundation. 
From which it is observed that the total weight of 
materials required in the foundation varies inversely as the 
width of the foundation, so that, by widening the same, we 
economise masonry. Now, taking the weight as before, 
we find the weight per foot of thickness. 

120 lbs. per cubic foot. 

824 square ft. (square of 18 ft.^ 

480 
240 
860 



88880 lbs. per foot of thickness. 
Hence the thickness is, 

88880)250000(6-4 feet 
233280 



167200 
155520 

11680 



Thus we find that the depth of the foundation varies 
inversely as the cube of its side (if made square, or of its 
diameter if made circular). Frequently, however, as in 
cranes built on wharfs, we are limited in space for the 
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fonndstjons by a cloee proximity to the edg^ of the whnf. 

Hence, in bucIl positions, foundations of considerable 

depth are Bometimes nnaTOidable, but they should not be 

loade deeper than the necessities of the case require. 
Figure 12 representa pjg. 12. 

an ordinary wall crane, or 

warehouse crane. It is 

supported in a footstep at 

the bottom, and steadied 

by a strap at tiie top. The 

strun on the tie bar (which 
is generally horizontal) 
and on the jib may be cal- 
colated in the same way as 
in the post crane ; but the 
crane pillar is not subject 

to similar strains, being, as it is, held at the top, and the 
jibs reaching nearly to the bottom, there is no bending 
strain on the pillar. The strain on the tie is taken as shear- 
ing strain on the top of the pillar, and transmitted to the 
strap which holds the top of the pillar. 

Tig. 13. 
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jibs and tie may be found from the parallelogram a, b, c. 
d, or by the dimensions of the crane, as previoasly de- 
scribed ; but the strain on the pillar is proportionately 
less, the leverage of the weight being shown by the distance 
0?, which is measured from the line of the weight W to 
the centre of the roller path. 

For some purposes, as in erecting works, and in railway 
management, movable cranes are required, and these are 
arranged on trucks, so as to run on a permanent way. A 
crane of this sort is shown at Figure 14. 

Fig. 14. 




The machine is similar to a post crane, as shown at 
A B, W being the load, mounted on two pairs of wheels, 
e d, or, if the crane be very large, on three pairs. In this 
case it will be seen that the strain on the pillar cannot be 
taken by the foundation ; therefore the load on the jibs of 
the machine is balanced by a weight, C, moving, which 
may be moved along the tail-piece D at the back of 
the crane, in order to adjust it to the weights to be raised. 
The weight C must of course be made sufficiently heavy to 
balance the heaviest load that may be picked up by the 
crane, the balance weight being at the extreme end of the 
tail-piece D, and this weight may readily be found from 
the following rule : 
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EuLi!.— ^2\) find the weight in lbs, requisite in the balance 
hoXf multiply the load in lbs. on the jib of the crane by its 
horizontal distance in feet from the centre of the crane post, 
and divide it by the distance in feet of the centre of gravity 
of the balance box from the same centre. 

Let the load on the crane be 3000 lbs., its distance from 
the crane centre 10 feet, and the distance of balance box 
4 feet; then: the balance weight is 

8000 lbs. 
10 feet 



4 ) 30000 
7500 lbs. 

The tie, it will be observed, is continued past the pillar 
(being bolted to it, however), to the end of the tail-piece. 

In order to prevent vibration on the springs, the track 
may be either blocked up off the line, or shackles may be 
pat on and the springs compressed on to blocks placed on 
the axle boxes ; in this case, the crane is very steadily 
held, being clamped down firmly to the rails. 

In arranging the details of framing, <&c., for crabs and 
cranes, care mast be taken to make any lags, which there 
may be, safficiently strong to carry the pall coming upon 
them. Thus there is a great strain on the lags to which 
the tie rods are attached, and they will, in the generality 
of cases, be of cast iron. Let the tension of a rod be 20,000 
lbs. The resistance of cast iron to tensile force amonnts 
to only 18,000 lbs. Let the factor of safety be 6, then 
the breaking weight of the lags would be 

20000 lbs. 
6 



120000 lbs. breaking weight 

D 2. 



52 WlNOaES, GRABS, AND 0RANB8. 

Hence the namber of inclies sectional area required will be 

18000)120000(6-66 square inches 
108000 



12000 
10800 

1200 



Which, in practice, would be made 7 sectional square 
inches. 
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CHAPTER m. 



UOISTS AND PBESSES. 

Hoists may be generally described as a species of lift or 
crane ^ith fixed jib, and always raising its load throngh 
some definite height or heights. The general form of 
hoists is too well understood to require an elaborate de- 
scription ; hence we shall herein touch only upon some of 
the details. 

Hoists are of three kinds : those worked by air, called 
pneumatic lifts ; by water, called hydrostatic lifts ; and by 
steam. Air lifts are only suitable for low heights and 
light weights, and even then, except under peculiar cir- 
cumstances, there is not much to recommend them. In 
principle an air lift is simply a float, and its rising is ex- 
actly in the same manner as the rising of a gas-holder as it 
fills. The air being preyented from escaping by the water 
(water-seal) around its lower edges, it is evident that the 
height of the surface of the water aboye the edge of the 
yessels rules the amount of pressure which may be main- 
tained within the lift. Let us now see how a load is sus- 
tained by this air pressure. The lowest depth of water 
aboTe the edge of the lift will be found when it is at the 
top of its stroke; hence this is all that is to be calculated 
upon. Let the lowest depth be two feet. Now eyery foot 
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depth of water corresponds to 0434 lbs. pressure per 
square inch, hence two feet will give a pressure of 0868 
lbs. per square inch. Suppose the weight to be lifted be 
not more than 150 lbs. ; then we thus find the area bj 
dividing 150 lbs. by the pressure per square inch, ' 

•868)160 000(172, say 173 
868 



6320 
607G 

2440 
1736 

704 

... 

173 square inches should, then, bo the sectional area of 
the tube of the pneumatic lift in this case. We may, 
however, simplify the calculation, and find a rule to give 
at once the diameter of the tube or cylinder. 

BuLE. — To find the diameter of the pneumatic cylinder in 
feet, divide the load in lbs, hy the minimum depth of water 
above the edge of the cylinder in feet, extract the square root 
of the quotient, and divide hy 7. The result will he the re- 
quired diameter. 

Let the load required to be lifted be 500 lbs., and the 
depth of water 1*5 feet. 

l-5)5000(333-33 
45 

50 
45 

60 
45 
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The square root of 333*33 is 18*3; hence we proceed; 

7)18-3 

2-61 feety diameter of cylinder. 
12 



31-32 inches 

Therefore its diameter should be 2 feet 7f inches. The 
height of the lift is, of course, regulated by the length of 
the cylinder ; thus, if the height required is 30 feet, the 
length of the tube must be somewhat more than 30 feet, 
— say 32 feet to allow for that ^art which is below the 
surface of the water when the lift is at the top of its 
range. 

Hydrostatic hoists are worked by hydrostatic presses 
which may be actuated by pumps in the usual way, or by 
a head of water, — ^in which case, the apparatus may be 
distingubhed by calling it a hydraulic lift. We will first 
speak of this class of lift, and assume the ram or plunger 
of the press to represent the whole length of the stroke, 
so that the table of the lift or hoist is placed directly 
upon the top of the piston. 

Rule. — To find the diameter of the piston in inches^ 
divide the maximum load in lbs, by the available head of 
water in feet; extract the square root of the quotient ^ and 
multiply by VIZ for the required diameter. 

Let the load to be lifted be 2000 lbs., and the available 
head of the water 50 feet. 

50)200-0 lbs. load 

ioT 

Now the square root of A.0 is found from a table of 
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square roots to be 6*82 ; hence we thus find the required 
diameter :— 

1-78 

6-32 



346 
519 
1038 



10*9336 inches diameter of piston, 
or the piston should be 11 inches in diameter. 

In most cases this rule will be sufficient, as the given 
quantity will be the greatest available head of water. 

In many hydrostatic hoists the stroke of the press is 
less than the lift, the difference being adjusted by pulleys 
and chains ; but in this case the total pressure on the ram 
of the press must be much greater than the load to be 
lifted, in the same ratio as the height of lift is greater than 
the stroke of the press. 

EuLE. — To find the load on press raniy multiply the had 
to he lifted in the hoist hy height of lift in feet j and divide 
the product hy stroke of ram in feet. 

Let the load to be lifted be 24,000 lbs., height of lift 40 
ft., stroke of ram 6 ft. : — 

24000 lbs. load 
40 ft. lift 

Stroke of ram 6)960000 



160000 lbs. load on ram. 

And by applying the previous rule, the necessary diameter 
of ram to work this load can be found. 

We will now proceed to consider the questions apper- 
taining to the hydrostatic press, regarding, in the first 
place, that class worked by hand. 
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The subject may be simplified by first detennining the 
pressure on the pnmp plunger, from which that on the 
ram may yery easily be ascertained. 

Rule. — To find the pressure on pump ram in pounds^ 
multiply the pressure in pounds on the end of the pump lever 
hy the distance in inches from the end of the pump lever to 
the centre {or fulcrum) upon which it works, and divide the 
product by the distance in inches from such centre to the 
centre of the pin hy which the pump plunger is attached to 
the pump lever ; the quotient will be the pressure on pump 
plunger. 

Let a man be assumed to exert a pressure equal to 100 
lbs. on the end of a pump lever, of which the length to 
fulcrum is 60 inches, the distance between the fulcrum and 
point of attachment being 3 inches, then we thus find the 
amount of pressure of pump plunger, 

100 lbs. on end of leyer 
60 inches length do. 

Distance of fulcrum 

from plunger 3)6000 



2000 lbs. pressure on pump plunger. 

The pressure on the pump plunger being known, we 
have to determine the total pressure on the ram of the 
press, thus. 

Bulk. — Multiply the pressure on the pump plunger by 
the square of the diameter of the press ram in inches, and 
divide the product by the square of the diameter of the pump 
plunger in inches. 

Pursuing the case taken above, let us assume that the 
ram is 10 inches in diameter, and the pump plunger 0*5 
mch. 

n 3 
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10 inclies 
10 



100 square of diameter of ram 



•5 
'5 



*25 sqaare of diameter of plunger, 



2000 lbs. pressure on plunger 
100 ins. square of dia. of ram. 

Square of diameter 

of plunger -25)20000000(800000 lbs. 

200 



00000 

Hence the pressure one man would be capable of exert- 
ing, through the agency of such a press, is 800,000 lbs., or 
somewhat more than 300 tons. 

Embodying the two rules now into one general rule, we 
have 

EuLE. — To find the pressure exerted by a given hydro- 
static press, multiply together the pressure in pounds on the 
end oj the pump lever, the length in inches to the fulcrum of 
pump lever, and the square of the diameter in inches of the 
ram of press. Then multiply the distance from fulcrum of 
pump lever in inches to centre of pump plunger by square of 
diameter of pump plunger ; and divide the former product 
by the latter, the quotient will be the total pressure the ram 
is exerting. 

We will assume the same proportions as above : — 

100 lbs. on end of lever 
60 inches length of do. 

6000 
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6000 
100 inches square of diameter of ram. 



600000 

*25 inches square of diameter of pump 
3 do. distance of fulcrum from pump. 



•75 

•75)60000000(800000 lbs. 
600 



00000 

Being the same result as obtained by the other method. 

Let us now assume that a press is required to exert a 
giren pressure, that which can be obtained on the pump 
plunger being known, as, being derived from some certain 
source, as manual force or a -steam engine, it is required 
to determine the relative diameters of the ram and pump 
plunger. 

HuLE. — To find the relative diameters of press ram and 
pump plunger in order that a given pressure on the former 
may correspond to a given pressure on the latter ^ divide the 
required pressure on the ram hy the given pressure on the 
pump plunger^ and extract the square root of the quotient. 
The result will show the number of times hy which the 
diameter of the ram must exceed that of the pump in order 
that the required pressure may he obtained. 

Let the available pressure on the pump plunger bo 
3,000 lbs., and the required pressure on the press ram 
98,000 lbs. 

8000)98000 

32-666 
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5)32-6660(5-71 
25 



107)766 
749 



1141)1760 
1141 



619 



Hence, whatever size the pnmp planger is, the press 
ram should be 5*71 times as large. Let the pump plnnger 
be '75 (I) inch in diameter, we thas find the required 
diameter of the ram 

6-71 
*75 inch diam, of pump 

"2855 . 
3997 



4*2825 inches diameter of ram. 

In practice, the ram would be made 4 J inches diameter. 

So much for the power of presses. We will now pro- 
ceed to consider the strain on the materials of which they 
are constructed. 

As far as the ram is concerned, we do not require to 
make any calculation as hydrostatic presses are never 
worked to a sufficient pressure per square inch to endanger 
the ram, about 8,000 lbs. per square inch being the maxi- 
mum, whereas in compression cast iron will safely bear 
14,000 lbs. per square inch. Hence we have only to 
consider how the thickness of the metal in the cylinder is 
to be determined. 

If the thickness of the metal in a cylinder is small in 
proportion to its diameter, the question assumes a simple 
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form, and the following rule will apply where the thickness 
will not exceed one-fifteenth of the diameter of the 
cylinder. 

Rule. — To find the thicJcMBB m inches of a cast iron 
cylinder of given diameter corresponding to a given breaking 
strain per square inch within, multiply the diameter in inches 
by the breaking strain, and divide the product by 35000 lbs, 

(Note. — The pressure per square inch in a cylinder is 
found hy dividing the gross pressure on the ram hy the 
area of the ram [that is, by the square of diameter in 
inches multiplied by 0*7854] .) 

Let the diameter of the cylinder be 8 inches, and the 
internal pressure to which it will be subjected 440 lbs. per 
square inch. Assume that the working pressure should 
be but one-fifth of the bursting pressure, we haye 

440 lbs. per square inch 
5 factor 



2200 lbs. per square inch 
is the bursting pressure. Whence we find the thickness 
by means of the foregoing rule in the following manner : 

2200 lbs. per square inch 
8 inches diameter 

35000)17600-0(0-5 inches thick 
175000 



10000 



Hence, in this instance, the cylinder only requires to be a 
full I inch in thickness. 

Let us now apply this rule to thick cylinders, which are 
those subject to heayy internal pressure, and show wherein 
it fails. It is a most important matter to enter at some 
length into this question ; because, as far as the author can 
ascertain, the existing formulae published are fallacious, and 
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involve an absurdity ; and, therefore, we will for a sbort 
space digress from onr line of argument to show the type of 
rule that has been adopted. As a rule for thick cylinders 
of cast iron, we take the under one extracted from a very 
popular Engineer's Pocket Book. 

(a) The thickness is equal to half internal 

DIAMETER MULTIPLIED BT THE PRESSURE IN TONS, AND 
divided BT 7 LESS THE PRESSURE IN TONS. 

Hence, when we want to get 7 tons pressure on the sqaare 
inch, we find the divisor becomes 0; and, therefore, the 
quotient — ^that is, the thickness of metal — ^infinitely great; 
or, in other words, we could not make a press to work at 7 
tons pressure to the inch. 

Without digressing further, let us now apply the thin 
cylinder rule to the calculation of the thickness of a cylin- 
der 10 inches in diameter to sustain safely a pressure of 
4000 lbs. per square inch within it. Using the same 
factor of safety as before, the bursting pressure would be 

4000 lbs. per square inch 
5 factor 



20000 lbs. bursting pressure. 

Hence the thickness is thus found : — 

20000 lbs. per square inch 
10 inches diameter 

85000)200000(5-7 inches 
175000 

250000 
245000 

5000 
Or the thickness should, according to the rule, be 5| inches 
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nearly. This, howeycr, wonld not be safficient. We can* 
not compare this with the rale (a), as we hare nothing 
stated about the factor of safety nse ; but we will investi- 
gate it independently, assuming for simplicity the thickness 
to be taken at 6 inches. 

Under strain, metal, in common with other elastic bodies, 
is temporarily stretched or compressed, according to the 
intensity of the strain, and in a cylinder under internal 
pressure, the inner layers must be more strained than the 
outer, because the inner ones must be distended to press 
on the outer. Hence, the inner layer may be strained yery 
much, whilst the outer one is scarcely strained at all ; and 
in all cases the straining of the fibres in a given cylinder 
will vary inversely as their distances from the centre of 
the cylinder; and as action and reaction are equal and op- 
posite, the resistance of each fibre will correspond to the 
point to which it is strained. When the breaking disten- 
sion of the inner layer of fibres is reached, the vessel 
must give way ; hence, if it be very thick, the mean break- 
ing strain of the cylinder per square inch is less than the 
ultimate strength of a square inch bar under tension. 
When the cylinder is thin, as in the previous case, the 
rule holds good, as the difference of distension between the 
inner and outer layers of fibres is practically inappreciable ; 
but in the present case it is different. 

The breaking tension per square inch of sectional area 
on cast iron may be taken in even numbers at 17,500, 
and to find the tension on the outer layer of fibres, 
when the inner are at breaking point, we have the fol- 
lowing : 

EuLE. — To find the strain on the outer layer of fibres per 
square inch in lbs. corresponding to a given strain on the 
inner layer ^ multiply the given strain by the internal diameter 
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ift inches f and divide the product by the external diameter in 
inches. 

In the present case the inner diameter is 10 inches, and 
the onter, being the sum of the inner and two thicknesses 
of metal, is 22 inches. 

17500 lbs. per square inch 
10 inches inner diameter 

Outer diameter 22)175000(7954 

154 



210 
198 

120 
110 



100 
88 



12 



Practicallj vre may take the mean of these two amounts 
as the average resistance of the metal per square inch 
throughout the thickness. 

17500 lbs. 
7954 lbs. 



2)25454 



12727 lbs. 
Wliich may be assumed in round numbers as 12700 lbs. 

We, therefore, find the internal pressure per square inch 
at which the inner layer of fibres is on the breaking point, 
by reducing the assumed bursting pressure in proportion to 
the ratio of 12700 to 17500, that is to say by multiplying 
it by 127, and dividing by 175. We assumed 20,000 lbs. 
as the bursting pressure. 
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20000 lbs. per square inch. 
127 



140000 
40000 
20000 



175)2640000(14614 lbs. 
175 

790 
700 



900 
876 



250 
175 

750 
700 

60 

Hence, the inner layers of the metal would be at their 
breaking stress when the pressure per square inch in the 
cylinder reaches 14,514 lbs.> and the question remaining to 
be decided is what factor of safety should be taken. We 
may evidently take a much lower one than 6, as that was 
adopted as tHe assumption of all the fibres coming to the 
breaking stress at once, so probably E will be amply suf- 
ficient; then we faaye 

' . 3)14514 

4838 lbs. per square inch, 

as the safe working pressure in such a cylinder. 

Much has been said about making hydrostatic press 
cylinders in such a way that, when cast, the outer layers 
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of metal contract apon and compress the inner ; but the 
uncertainty here arises of knowing how mnch that com- 
pression may amount to, so that it can scarcely be taken 
into consideration. 

It is a matter much to be regretted that there has been 
no series of experimental trials of thick cylinders upon 
which some satisfactory formulie might be based. 

We may now make a few remarks upon the modes of 
packing rams of hydrostatic presses. 

The plan most generally adopted in England has been 
to use leather collars, into which the water obtained access 
under pressure, and so pressed the leather tightly against 
the cylinder on the one side, and against the ram of the 
press on the other, and thus preventing the escape of water. 
There is, however, a great objection to these leathers, inas- 
much as they require to be renewed every few months ; 
which, of course, causes some delay and expense. 

This difficulty may be obviated by packing the rams 
with hemp in exactly the same way as the piston rod of a 
steam engine is packed, and the hemp will be found to wear 
out many leathers. We cannot say how long the hemp 
packing will last; but we know of one now that has been 
in use in an accumulator 18 inches in diameter, for 
three years, and it is not yet worn out. 

Before leaving the subject of hydrostatic presses, it may 
be desirable to explain what an accumulator is, and the 
part it takes amongst hydraulic machinery. 

Naturally the action of an hydrostatic press is exceed- 
ingly slow, as it stands to reason that a small force, being 
altered into an enormously large one (and the principle 
being admitted that the increment of force corresponds to 
the decrease of velocity ; or, in other words, that in any 
machine for altering the intensities of forces, the mtensities 
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of the forces at the opposite ends of the machines are 
inversely as the velocities with which those opposite 
ends move), that part of the machine which gives off the 
increased pressure must move at an exceedingly slow 
speed. 

This want of velocity, besides causing waste of time, is 
also very strongly opposed to the use of hydrostatic pres- 
sure in cases in which it may otherwise be used with great 
advantage. 

In order to overcome this difficulty, and get a quick 
motion together with great pressure, the accumulator has 
been contrived. Let us suppose that an hydrostatic press 
is required to be used once every ten minutes, and it would 
take say nine minutes to fill it so that it would make a 
complete stroke, and further suppose that it is required to 
act quickly. A slightly larger press is made, and its ram 
is loaded with a weight corresponding to the pressure re- 
quired in the press which it is intended to work. Now if 
we assume that an engine is engaged constantly in pump- 
ing water into the accumulator except it stops when the 
accumulator is full, we shall get instantaneous action of the 
hydrostatic press ; for, after the engine has worked nine 
minutes, there will be enough water pumped into the accu- 
mulator to make one stroke of the ram of the press. Self- 
acting gear stops the accumulator until the stroke of the 
press has been made when it is again started and filled so 
as to be ready for another stroke of the press, and thus the 
required end is attained. 

Now it is evident that if the accumulator be made large 
enough it can be used for more than one hydrostatic press. 
And even if all the presses be not required to produce the 
same gross pressure, this can be attained by varying the 
diameters of the presses so that they may all work at the 
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same pressure per square incb, which pressure per square 
inch is ensured in the accumulator by a tank filled with 
weights or by means of weights suspended from a cross- 
head attached to the top of the ram. 

We will now proceed to show how to determine the 
size of the tank or of the weights required for the accu- 
mulator. 

Let us assume that a number of hydrostatic presses 
working at 1400 lbs. on the square inch, require to be fur- 
nished with an accumulator of which the ram is to be 20 
inches in diameter : we hare the following rule. 

Bulb. — To find the weight in lbs, of the load on the ac' 
cumulcUor rctm, multiply the square of its diameter in inches 
by the pressure in lbs, per square inch and by '785. 

20 inches diameter 
20 „ „ 



400 square of diameter 
1400 lbs. per square inch 



160000 
400 

660000 
•785 

2800000 
4480000 
8920000 

439600-000 lbs. load. 

A cubic foot of cast iron of average quality weighs 
about 450 lbs.; hence the cubic feet of iron required to 
amount to the above weight will be thus found. 
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450)439600(976 Bay 977 cabic feet. 
4050 



3460 
3150 

"sioo 

2700 
400 



A part of this weight is of coarse supplied in the ram 
of the accnmrilator. We will assume the length of the ram 
(induding the head) to be equal to 15 feet. We will 
ascertain how many cubic feet it contains. 

The diameter is 20 inches or 1-66 feet. 

* 1*66 feet diameter of ram 
1-66 



97 )> 



996 
996 
166 



2*7556 feet area of ram 
15 feet length ,, 



137780 
27556 



41*3340 cubic feet in ram. 

This must be deducted from the above : 

977 cubic feet, gross required 
41 jf in ram 

936 „ required in tank. 

Let the tank be made 10 feet by 10 feet by 9 feet clear 
inside measurement ; that will furnish room for 900 cubic 
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feet. The rest being made np by the weight of the tank 
and its appurtenances. 

We will now pass on to the last kind of hoist of which 
we purpose treating, namely the steam hoist, not however 
in this place entering into the calculations of the engines 
themselyes, which will be duly considered in a subsequent 
chapter. 

The chains are of various kinds as short-link chains, 
flat-link chains, flat wire ropes, &c., according to the 
loads to be raised, and the nature of the machinery used in 
the transmission of the power, this machinery amounting 
in fact to a steam winch in many cases. 

If the lift is light, say under a ton weight, and not over 
20 feet in height, it may be worked by a single-acting en- 
gine haying a chain attached to a fixed pulley and rove 
through a grooved pulley, carried on the end of the piston 
rod, and thence taken over guide pulleys to the required 
position. The end of the chain will then travel twice as 
far as the piston, the gross pressure on which must of 
course be twice the weight to be lifted. Thus, if the lift be 
14 feet, and the weight to be lifted 12 cwt., the stroke of 
piston will be 7 feet and gross pressure on it (excluding 
friction) 24 cwt. The mode of action is this : the piston 
is balanced at the top of its stroke by a counter weight 
attached to the platform of the hoist, which is at the bot- 
tom of the lift when the piston is at the top of its stroke. 
The platform being now loaded steam is admitted above the 
piston, and, forcing it down, raises the load. When the load 
is removed the steam is shut ofif, and that in the cylinder 
being allowed to escape, the counter-weight again draws 
the piston to the top of its stroke, ready for another lift. 

The chief distinction between other hoists rests in whe* 
ther they be driven by quick or slow running engines. 
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If slow ranning engines be used, the gearing will be of 
the same description as that nsed in ordinary winches, 
and maj be calculated in the same manner, but if small 
engines running at high speeds be used, a very long train 
of spur gearing would be required ; hence it is advanta- 
geous to substitute the tangent screw and worm-wheel in 
its place, thus economising both space and cost. 

Before proceeding to the mode of calculating the tangent 
screw arrangement, it seems desirable to discuss the objec- 
tions which haye been raised to it, and also the advantages 
claimed for it. 

The first objection commonly raised is on account of the 
amount of friction which is involved in its use, the fact of 
the matter is, however, not that there is more friction in 
this arrangement than in the train of spur wheels, but the 
friction, instead of being distributed through a number of 
shafts is concentrated in one. Let us assume that gearing 
is required to reduce the velocity of the primary shaft to 
one-fiftieth in the final shaft. If we can place the two 
shafts at right angles, this can be done at once by the 
tangent-screw and worm-wheel arrangement, but if it be 
done by spur-wheels, a train of them will be requisite. 
Thus, say we have on the primary shaft a pinion 8 inches 
in diameter gearing into a wheel 40 inches in diameter, on 
a shaft carrying another 8-inch-pinion gearing into another 
40-inch wheel on a shaft carrying a 12-inch pinion gearing 
into a 24-inch wheel on the final shaft ; the end will be 
attained, as the final shaft will make one revolution for 
every fifty revolutions of the primary shaft Here it will 
be observed we have four shafts amongst which the friction 
is distributed, whereas in the other arrangement there are 
but two, the worm-wheel shaft and the tangent screw shaft. 

Theoretically there is no friction between the teeth of 
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spar wheels properly shaped and traly pitched, bat practi-* 
cally there always is some friction ; becaase, eyen if the 
wheels are in the first instance pitched dead trae, the wear 
in the bearings will very soon impair the exactitade of 
their setting ; and if the diameter of the wheel on the final 
shafts in both arrangements be the same, the strain on the 
teeth will be more in the spar wheel than in the worm- 
wheel ; for of coarse the total strain will be the same at the 
pitch line of the wheel, bat in the spar wheel the strain is 
all borne by one tooth, whereas in the worm-wheel the 
strain is spread over three or foar teeth. 

Whateyer rabbing there is on the tooth of the spar 
wheel is radial, bat the rabbing on the teeth of the worm- 
wheel is parallel to the axis of its shaft. We know by ex- 
perience that the wear of a well-formed tangent screw and 
worm-wheel well constrncted is by no means great if dae 
attention be paid to its labrication, bat if this be neglected 
the worm will of coarse soon perish, the same as woald a 
joamal if dry. 

There will be a thrnst on the screw shaft in the direction 
of its length eqnal in intensity to the total thrnst at the 
pitch line of the worm wheel, and assaming the worm 
wheel to be on the same shaft as the chain barrel, the 
thrnst on the screw shaft may be determined as follows:— 

Bulb. — To find the thrust on the screw shaft in lhs,j 
multiply the strain on the chain in lbs, hy the radius of the 
chain barrel in inches^ and divide the product hy the radius 
of the worm wheel in inches, the quotient will be the thrust 
on the screw shaft in lbs. 

Let the strain on the chain be 22,400 lbs., the radias 
of chain barrel 8 inches, the radias of the worm-wheel 18 
inches. 
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22400 lbs. strain on chain 

Radius of worm- ^^""^^^^ ^*d^"« ^^ ^*"^1 

wheel . . 18)179200(9400 lbs. thrust on shaft. 

172 

72 

72 



00 

To withstand which, the plummer blocks must be made 
sufficiently strong. If the strain be taken in tons the 
thrust will of course be in tons. Let the strain on the 
chain be 24 tons, the radius of the barrel 18 inches, and 
the radius of the worm wheel 11 inches. 

24 lbs. strain on chain 
18 inches radius of barrel 

192 
24 

Kadins of worm-wheel 1 1 )432 

39*3 tons thrust on screw shaft. 
This thrust would have to be taken up by the two 
plummer blocks supporting the shaft on either side of the 
tangent screw, and sufficient bolts must be used to fasten 
the plummer blocks down to the framing to prevent any 
risk of their being sheared through. The total sectional 
area of the bolts will be found by dividing the thrust on the 
screw shaft by the resistance per square inch of wrought 
iron to shearing strain. Wrought iron safeli/ resists 4 
tons per sectional square inch ; hence, in the present case, 
we find the total sectional area of the bolts to be 

4)39*2 tons thrust 

9*8 square inches. 
If the bolts used be 1 inch in diameter, the area of each 

E 
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bolt in section will be 0*78 square inch ; hence, dividing 
the total area by this, we ascertain the number of bolts re- 
quired. 

•78)9-80(12 bolts 
78 

200 

156 

~4i 

The working shows a little over twelve bolts, but it is 
so little tiiat we may practically with perfect safety neglect 
it, and consider twelve 1 inch bolts as the number required; 
that will then be six in each plummer block. The second 
example shows an enormous thrust due to the diameter of 
the chain barrel being so much greater than that of the 
worm wheel, whereas in the former case the worm wheel 
was much larger than the barrel in diameter, which is a 
far better arrangement ; but we have inserted the second 
case because we have known of such apparatus being put 
up, although the use of larger chain barrels is altogether 
contrary to good practice, involving as they do very heavy 
gearing:. 
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CHAPTER IV. 



STEAM, AIR, AND GAS ENGINES. 

Within the small space allotted to the chapters in the 
present treatise, it would he impossible to enter minutely 
into all the details of thermo-motive engines, and therefore 
we shall direct our attention more particularly to those 
points in which there is* most chance of errors arising 
through either carelessness or ignorance. It behoves 
every one who buys an engine, and more especially one of 
the cheap class, to examine it thoroughly, or have it ex- 
amined by some competent person ; for, although any 
engineering firm of position would, for its own credit sake, 
try and see that no imperfect machinery left their shops, 
yet experience shows us that there are those who make 
engines simply to sell, and consequently knock them to- 
gether as cheaply as possible, without much regard to 
efficiency. 

We have known several cases of engines supplied with 
the valves so made that they would not, until altered, do 
one third of the work guaranteed, — and that too, within 
the last two or three years. We will cite one instance : 

A pair of engines was ordered to work a crane, the 
weight to be lifted being twelve tons, the diameter of the 
cylinders and length of stroke being specified, and also the 

E 2 
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velocity at which the engines were intended to be run. 
Now this information shoald be sufficient for any practical 
engineer to detail the engine, so that it should perform its 
work satisfactorily. For the pressure of steam being 
known, and the size of the cylinder, it is a simple matter 
to determine the size of the steam ports and passages. 
However, although the makers undertook to guarantee the 
performance of the machine, when set to work it would 
only lift four tons, and indeed barely that. In most re- 
spects the engines were tolerably right, only the steam 
passages were certainly too small ; but the great error lay 
in the valves having a great excess of lap. The stroke of 
the engines was one foot^ and the travel of the slide-valve 
If inches, and yet there was f of an inch lap at each end of 
the valve ; the steam ports, moreover, being only /g inch 
in the opening, measured parallel to the valve's line of 
motion. The engines were intended to run at a speed of 
from 100 to 150 revolutions per minute. Now, it will be 
seen that, with so great an amount of lap, the engine 
could not get its steam in any thing at all approaching its 
requirements, and consequently the valves were taken out 
and shortened, the steam ports being widened to nearly J^ 
inch, and the valves so placed as to have something less 
than ^ inch lap at each end. This having been done, the 
engines just did the stipulated work, but with nothing to 
spare ; but, had the steam passages been properly propor- 
tioned, there is no doubt that fifteen tons might have 
readily been picked up. From such a case as this (and 
we know of several), it may be inferred how very necessary 
it is in doubtful cases to specify the size of steam ports, 
passages, &c., instead of trusting to the maker, and also to 
examine the valves lefore fixing the machinery in its place. 
Very frequently — in fact we may say commonly — in 
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Email engines the necessity for good, roomy steam pas- 
sages b overlooked in the attempt to obtain a compact 
and elegant design, and it is certain that, to get good 
results, the steam pipes requisite for proper working do 
look disproportionately large. Haying said thas much 
about the area of the steam ports, we will now give a rule, 
deduced from the laws of the flow of gases, by which the 
proper area may be determined under any given set of cir- 
cumstances. 

EuLB. — To find the area of steam passages in square 
inches, divide the absolute pressure in the cylinder (i.e.y the 
pressure per square inch above the atmospheric plus 16) by 
the difference between the pressures in the boiler and cylinder, 
multiply the square root of the quotient by the speed of the 
piston in feet per minute, and by the square of the diameter 
of the cylinder in inches, and divide the product by 15000. 

From this we obtain the proper area -of the steam pas- 
sages for the particular cases that may demand our con- 
sideration. For safety take the minimum difference 
between pressures in cylinder and boiler with maximum 
pressure in the cylinder. 

Let the diameter of cylinder be 20 inches, speed of pis- 
ton 250 feet per minute, absolute pressure in boiler 40 lbs. 
per square inch, absolute pressure in cylinder 36 lbs. per 
square inch. 

40 lbs. pressure in boiler 
36 „ „ cylinder 

Difference 4)36 lbs. pressure in cylinder. 

We have now to take the square root of 9 ; 

8)9(3 
9 
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and mtiltiplj the speed of piston, 

250 feet per minute 
3 



750 

400 square of 20 inches 
diameter of cylinder 



Constant divisor 15000)300000(20 square inches. 

30000 





So we see the area of the steam port in this case should 
be 20 square inches — say 10 inches bj 2 inches. 

As a general practice, the exhaust port is made twice 
the area of the steam port. 

From the 20 inches area we may determine the diameter 
of the steam pipe by the ordinary rule. 

•785)20000(254 
1570 



4300 
3925 



3750 
8140 

610 



• • 



6)25-40(50 inches diameter of steam pipe 
. 25 



10) 40 



The lap of the yalye is determined according to the 
point at which it is desired to cut off the steam ; but in 
small high-speed engines it should never be more than 
one-eighth of an inch at each end of the valve. 
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Some of the old engine bnilders used a set of cmpirieal 
rules for determining the areas of steam passages, &c., by 
making them proportionate to the areas of the steam 
cylinders ; the constants were settled by observing what 
would answer well in practice, and so long as the steam 
pressure and speed of piston remain constant, of coarse 
such rules would answer well enough ; but with the in- 
troduction of high pressure steam, . the circumstances of 
each particular case are most materially altered, and it 
becomes necessary to take into the calculation all particu- 
lars of speed and pressure in order to obtain results of a 
satisfactory nature. 

Haying decided upon the amount of lap and lead to be 
given to the valve, the travel of the valve is at once deter- 
mined by the following rule. 

HuLE. — To find the travel of the slide valve in inches^ 
mxdtiply the width of the steam port in inches hy 2j and add 
the lap in inches. 

Let the width of the port be 1*25 inches, and the lap 

0-25 inches. 

1-25 inches width of port 
2 



2-50 
*25 lap in inches 



275 travel of valve in inches. 

It is a common practice in proportioning piston rods to 
make them one-tenth of the diameter of the cylinder, unless 
the steam pressure is very high when the following rule 
may be used. 

BuLE. — To find the diameter of the piston rod in inches, 
divide the diameter of the cylinder in inches by 55, and mid' 
tiphjthe quotient hy the square root of the maximum pressure 
of steam in the cylinder in lbs. per square inch. 
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Let the cylinder be 27*5 inches in diameter and the 
maximum steam pressure in the cylinder 36 lbs. per square 
inch. 

65)27-5(-5 

275 6 square root of S6 

3-0 inches. 

So the piston rod should be 3 inches in diameter. 

The metal in the cylinder of a steam engine has two 
duties to perform ; one is to resist the actual bursting 
pressure of the steam within it; the other, to withstand the 
vibration due to the motion of the machinery ; and in addi- 
tion to this, allowance must be made for wear. Including 
all, the following rule has been found satisfactory. 

Rule. — To find the thickness of metal in the cylinder in 
inches^ multiply the pressure of steam in lbs, per square 
inch by the diameter of the cylinder in inches, divide the 
product by 440, and to the quotient add the square root of 
the diameter; divide the sum by 8, and the quotient will be 
the required thickness in inches. 

Let the pressure of steam be 25 lbs. per square inch and 
the diameter of cylinder 20 inches 

25 lbs. pressure of steam 
20 inches diameter of cylinder 

Constant divisor 440)500(1-13 (o) 

440 

600 
440 

1600 
1320 

280 
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The sqaare root of 20 is 4*47 — 

1*13 first quotient (a) 
4*47 square root of diameter 



8)5-60 

'70 inches thickness. 

This, which would be made | inch, is the minimum thick- 
ness to be nsed. 

The main shaft of the engine upon which is fixed the 
crank or crank plate, as the case may be, is proportioned 
to resist the torsion to which it is subjected by the follow- 
ing rule : — 

BuLE. — To find the diameter of the main shaft in inches, 
multiply the horse-power of the engine by 320, divide the 
product by the number of revolutions of the main shaft per 
minute, and extract the cube root of the quotient. 

Let the horse-power be 40, and let the engine make 
25 revolutions per minute. 

820 
40 horse-power 

No. of revs, per minute 25) 12800(512 

125* 



30 
25 

"To 

50 



We have now to extract the cube root of 512, and by 
reference to a table of cube roots we find it to be 8 inches ; 
hence, 8 inches is the required diameter of the shaft at its 
smallest part. 

The next point to be considered is the manner of pro« 



£ 3 
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portioning the size of the cylinder to the work the engine 
is intended to perform, and for ordinary purposes engines 
are described as of so many horses-power. One horse- 
power is agreed to be equivalent to 33,000 lbs. raised 1 
foot in 1 minute, and from this we can calculate the horse- 
power of any given engine thus : — 

Rule.— To find the horse-power of any given engine^ 
multiply the mean pressure on the piston in lbs. per square 
inch by the square of the diameter of the piston in inches, 
by twice the length of the stroke in feet, and by the' number 
of revolutions of the engine per minute, and divide the pro- 
duct by 42000. 

Let the mean pressure per square inch on the piston 
be 401bs., the diameter of the piston 12 inches, the length 
of stroke 2 feet, number of revolutions per minute 30. 

40 lbs. per square inch mean pressure 
144 square of diameter of piston 

IGO 
160 
40 



5760 

4 twice length of stroke 



23040 

30 revolutions per minute 

42000)691200(16-4 horee-power 
42000 

271200 
252000 



192000 

168000 

24000 
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The speed of the piston in ordinary engines varies from 
about 200 to 300 feet per minute ; so assuming 250 feet 
as the average speed, we can form a rule to find the dia- 
meter of cylinder corresponding to any given horse-power 
at a given pressure. 

EuLE. — To find the diameter in inches of cylinder cor* 
responding to a given horse-power j divide the horse-power hy 
the pressure, extract the square root of the quotient and 
multiply it hy 1^, 

Let the engine be required to be 12 horse-power, the 
mean effective pressure in the cylinder be 20 lbs. per sq. in. 

Effective pressure 20)12 horse-power 

0-6 



•7)0-60(-77 
49 



1-47)1100 
1029 



71 

• • 

We have now to multiply this square root by 13 : 

•77 

13 

231 

77 



1001 inches diameter. 
If the pressure taken be the gross effective pressure, 
then the corresponding horse-power is the gross horse- 
power, and is in excess of the available power, because a 
part of it is absorbed in overcoming the friction of the 
engine. The amount of power absorbed by friction varies 
according to the construction of the engine. Watt used 
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to consider one-third of the whole power as taken in work- 
ing the condensing engine ; hut it will he quite safe to 
allow 25 per cent, for friction in condensing engines, and 
15 per cent for high-pressure non-condensing engines. 

It is usual to speak commercially of engines hy their 
nominal horse-power, which in condensing engines is usually 
about one-third of the actual horse-power. 

EuLE. — To find the nominal horse'power of a condensing 
engine^ divide the square of the diameter of the piston in 
inches hy 30. 

Let the diameter of the piston be 25 inches. 

25 inches diameter of piston 
25 p n n 



125 

50 



80)625 square of diameter 

20*8 horse-power, nominal. 
KuLE. — To find the nominal horse-power of a non-con- 
densing engine, divide the square of the diameter of the piston 
in inches hy 20. 
Let the diameter of the piston be 8 inches. 

8 inches diameter of piston 

o » V » 



20)64 

3*2 horse-power, nominal. 

The nominal horse-power is, we may say, merely a term 
used in the buying and selling of engines. 

Engines may be conrenientiy calculated by horse-powei 
for such purposes as driving mills and machinery generally; 
for marine purposes and agricultural work ; but in certain 
cases, as in winding engines and steam winches, it is more 
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conrcnient to calculate the diameter of the cylinder in an- 
other way. 

Engines driving machinery, whether single or coupled, 
are usually fitted with a fly-wheel to equalise the motion ; 
for when the engine is giving off more work than is being 
absorbed, the fly-wheel, with a slight increase of velocity, 
takes it up as accumulated work, and, at some other part 
of the revolution where the work done by the engine is 
below the average of the fly-wheel, parts with the excess 
of work which it had previously taken up. 

EuLE. — To find the weight of the fly-wheel rim in cwts., 
multiply the total mean pressure on the piston in lbs. by the 
stroke in feet J and divide the product by the diameter of the 
wheel in feet, and by 45. 

(Note : the diameter of fly-wheel should be about four 
times the stroke.) 

Suppose we have an engine with cylinder 10 inches 

diameter and 15 inches stroke, the pressure of steam 

being on the average 30 lbs. per square inch, the area of a 

circle of 10 inches is 785 square inches. 

78 '5 square inches area of piston 
80 lbs. per square inch 

23550 lbs. total mean pressure on piston 
1-25 feet stroke 



11775 
4710 
2355 



Diam.of wheel 5)2943-75 



45)588-75(13 cwtd. 
45 

138 
135 

' a' 
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Thirteen cwts. will then be the proper weight for the rim 
of the wheel. 

From this may be determined the sectional area of the 
rim of the wheel. 

Rule. — To find the sectional area of the rim of the fly- 
wheel, multiply the weight of the rim in cwts, hy 11 '5, and 
divide the product hy the diameter of the wheel, 

11*5 constant 
13 cwts. of rim 



345 
115 



Diam. of wheel 5)149*5 



29*9 sqaare inches sectional area. 

In machinery for hoisting it is always necessary to havo 
two engines acting on one shaft, the cranks being at right 
angles to each other, so that one oi: other engine always 
has a hold npon the load being lifted ; for, with a single 
engine, there would be no getting over the dead point, 
except through the momentum of a heavy fly-wheel, which 
is not suitable where stoppages are sudden and frequent. 

Now, it is eyident that, with two engines so arranged, 
when one of them is on the dead point, the other is ex- 
erting its full force ; but the engines must be made so 
large that one cylinder alone, when the piston is at mid- 
stroke, shafl be capable of sustaining the load. To find 
the force which the engine must exert, we have the follow- 
ing rule : 

Rule. — To find the force in Ihs, which must he exerted 
hy one piston of a winding engine to hold a given load in 
pounds, multiply the given load in lhs„ hy the radius of the 
winding hansel in inches, and hy the numher of revolutions 
of the winding hiarel per minute^ ana divide the product 
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by half the stroke of the piston in inches^ and by the number 

of revolutions per minute made by the engine shaft. 

Let the load to be held be 22,400 lbs., the radias of 

the winding barrel 8 inches, the number of rerolations of 

the winding barrel per minute 3, the half-stroke 6 inches, 

and the number of revolutions of the engine shaft per 

minute 180. 

22400 lbs. load 

8 inches radius of barrel 



179200 
3 



Half stroke 6)537600 



Reyolutions of engine 180)89600(497*7 lbs. force on piston 

720 



1760 
1620 



1400 
1260 

1400 

• . . « 



We may call this 498 lbs. as the *7 is continuous. The 
pressure on the piston must be equal to this. Assume 
the mean pressure per square inch on piston at 25 Ibn. 

25)498(29*92 square inches 
25 



248 
225 

230 
225 

50 
50 
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Say 30 square inches for area of piston necessary to 
snstain load, and add one sixth for friction. 

30 square inches for load 
5 „ „ „ friction 

35 y, „ total area of piston. 

From which we find the diameter — 

•785)35-000(4i 
3140 



3600 
3140 



460 



The sqnare root of 44 is 0*63 inches required diameter 
of cylinder ; hence in practice the cylinders would be made 
7 inches in diameter, and the stroke of piston 12 inches. 

Let us now see what would be the mean force exerted 
by the two engines during the revolution, for it must be 
remembered that as the crank pin travels through the cir- 
cumference of a circle having a diameter equal to the stroke 
of the ][^istcn, the piston itself travels only through twice 
the diameter of the same circle, making two strokes to 
each revolution. The fatio of the diameter to the circum- 
ference of a circle is as 1 is to 3*1416 : hence the ratio 
of distances travelled between the piston and the crank 
pin is as 2 to 31416, because the piston travels two 
diameters while the crank pin passes once round the 
circumference. If we divide the latter by the former we 
shall have a multiplier for in any case finding from the 
mean pressure on the piston the mean force on the 
crank pin. 
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8-1416)2-00000r0-63G 
188466' 



115040 
9424S 

20792C 
188496 

19424 

• • • • • 

686 is then the con»stant factor which we may place in a 
general role. 

Rule. — The mean total pressure on the piston of a steam 
engine being given to find the mean pressure on the crank 
pin, multiply that on the piston J^ 0*636. 

In the above case we find, excluding allowance for fric- 
tion, that 498 lbs. is provided. 

498 lbs. load 
•636 

2988 
1494 
2988 



816*728 lbs. on each crank pli 
2 



638*456 lbs. on two crank pins. 
From which it will be seen that we have sufficient power 
for the work. 

In respect to air engines we have not much to say, as 
they are not used to any considerable extent (in England 
at all events), and those that are in use are of small size. 
We must, however, point to a few matters connected with 
tbem of practical importance. 

In the early air engines the difficulty most difficult to 
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contend with was the destraction of packing and working 
parts by the high temperature necessary to be used in 
order to obtain the requisite working pressure, and when 
we consider that by raising air 480 degrees, we only obtain 
an additional pressure of 15 lbs. on the square inch, it is 
evident that either high temperatures or very large 
machinery must be used. In order to keep the heat away 
from the working parts, the well-known plunger-shaped 
appendages are always attached to air engine pistons, 
except in the case of some few which, like Mr. Gill's, 
worked under water, the elastic fluid used being a mixture 
of heated air and steam. 

During the past ten years another description of so- 
called air engine has come to some extent into use ; the air 
is forced into the furnace which is closed by an air-tight 
door, and the air heated by passing through the furnace, 
and, together with the gaseous products of combustion, flows 
into the cylinder and propels the piston. There is in the 
principle of burning fuel under pressure an element of 
economy, as was practically established some years since, 
although it has not been applied to steam machinery ; 
probably through the patentees of that method of working 
furnaces not having sufficient interest to press their inven- 
tion ; and no doubt what extra economy is exhibited by 
these air-engines in consumption of fuel may be traced to 
the close furnace, but these certainly have as much or 
more claim to be called gas engines as air engines ; for all 
the gaseous products evolved from the solid fuel must aid 
materially in the propulsion of the machine. This, how- 
ever, is not the place to enter more fully into a question 
which, further pursued, would become almost entirely 
chemical. 

It is necessary in tliis class of engine to be careful what 
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description of fuel is used ; for any kind of fuel \?hich, 
during combustion, would eyolve acid products, must 
necessarily cause rapid deterioration of the machinery by 
corrosion. The most durable packings for the working 
parts have been found to be those made of leather. 

We will now pass on to gas engines properly so called. 
Lenoir's gas engine, which was one of the first, was ac- 
tuated by explodmg a mixture of air and gas at each end 
of the cylinder alternately, the ignition being effected by 
means of an electric spark. This contriyance cost more to 
work than a steam engine, besides being much larger in 
proportion to its power, and the only things that could be 
urged in its favour are, that it required no boiler, and there 
is no consumption when it is not working — indeed, this is 
the fayourite claim of gas engine makers, that you do not 
require to keep a fire up, and an attendant to look after 
it, whether the engine works all day or only one hour a 
day. 

In the Hugon gas engine the mixture of gas and air is 
exploded by gas jets, placed at the two ends of the 
cylinder, and the slides are so arranged that there is a 
communication between the mixture of air and gas in the 
cylinder and the lighted jet outside at the beginning of 
eyery stroke. As to the economy of this engine we can- 
not speak, haying had no opportunity of testing it. The 
engines are bulky, as are all gas engines ; one of 3 horse- 
power being as large as a 10 horse-power steam engine. 
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CHAPTER V. 



WATERWORKS, PUMPS, VALVES, 
STANDPIPES, ETC. 

Is designing pumps of large dimensions it is of great im- 
portance properly to detail the pipes and passages, and in 
all cases bends in the pipes should be avoided as much as 
possible. Wherever it is practicable, the suction and de- 
livery pipes should be kept of diameter equal to that of the 
pump plunger ; but if this cannot be arranged, they should 
be made as near as possible to that size, in order to reduce 
the friction of the water passing through the pipes ag much 
as possible, and on the same principle in the designing of 
all details of water works, attention should always be paid 
that the friction of the water may be kept at a minimum. 
In speaking of the friction on water in pipes, &c,, it is 
usual t c treat the pressure on the water as the head of 
water producing such pressure ; so, for instance, instead 
of saying that a body of water was under a pressure of 
43*4 lbs. per square inch, it would be said that the body of 
water was under a head of 100 ft. ; 100 ft. of water cor- 
responding to a pressure of 43-4 lbs. per square inch, for 
a column of water 1 inch square on the base and 100 ft. in 
height weighs 43*4 lbs. For converting the head of waters 
into pressure per square Inch, and the converse, we have 
the two following rules : — 
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Rule. — To find the pressure in lbs. per square inch due 
to a given head in feet of water, multiply the given head in 
feet by 0-434. 

Let the head of water be 174 feet. 

174 feet head of water 
•434 



696 
522 
696 

75*516 lbs. pressure per square inch. 

Rule. — To find the head in feet of water corresponding 
to a given pressure in lbs. per square inch^ multiply the given 
pressure in lbs, per square inch by 2*304. 

Let the given pressure per square inch be 75*5 lbs. 

75-5 lbs. pressure per square inch 
2-304 



3020 
22650 
1510 

173 9520 feet head of water. 

Having shown the relation between head of water and 
pressure, it will now be necessary to supply rules for deter- 
mining the motion of water produced by such head or 
pressure. 

The following rule serves to determine the size of orifice 
under a given head of water to discharge a given quantity 
per minute : 

Rule. — To find the area in square feet orifice to discharge 
a given number of gallons of water per minute under a given 
head of water in feet, divide such discharge by the square 
root of the height of the level of the water above the orifice 
and by 1854. 
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Let the quantity to be discharged be 53,500 gallons per 
minute, and the head of water 16 feet. The square root 
of 16 is 4. 

Square root of head 4)53500 gallons per minute 

1854)r3375(7-21 square feet. 
12978 

8970 
8708 



2620 
1854 

"766 

• • • 

To determine the diameter of a pipe to convey a given 
quantity of water under a given head, we have the follow? - 
ing rule : 

RuLK. — To find the diameter of a pipe in feet to convey a 
given quantity of water in gallons per minute y divide the dis- 
charge by 14,680, square the quotient, and multiply it by the 
length of the pipe in feet ; divide by the head in feet , and 
extract the fifth root of the quotient. 

Let the required discharge be 81,420 gallons per minute, 
the head of water 10 feet, and the length of pipe 70 feet* 

14680)31420(2-14 (a) 

29360 



20600 
14680 

59200 
58720 

480 
• • • 



1 



L_ 
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2'14 quotient (a) 
214 



856 
214 
428 



45796 square of quotient (a) 
70 feet length of pipe 



10)320-5720 
320572 

The fifth root of 32 must now be extracted, either by a 
process of logarithms or a table of fifth roots. Adopting 
the latter plan, we find the fifth root of 32 is 2 ; therefore 
the diameter of the pipe must be not less than 2 feet. 

N'ote, — To reduce cubic feet to gallons, multiply by 6*25 
„ „ pounds, „ C2'5 

„ gallons „ cubic feet „ 0*16 

„ pounds „ „ „ 0*016 

„ gallons ,, pounds „ 10 

It may here be observed that the more exact weight of 
a cubic foot of water is 62*32 lbs. ; but the data given 
above are sufficiently near for practice. 

From consideration of the above formulae, it will be seen 
that, in a vertical pipe, the friction is theoretically nothing, 
and the whole velocity due to the head should be obtained; 
but even admitting this, there is a reason why the suction 
pipe of the pump should be made as large as the pump 
plunger if possible, and that is, to allow the column of 
water to follow the rising plunger with a rapidity equal to 
its own motion, so tbat there may be no unnecessary 
delay in filling the pump barrel, and no whirling or com- 
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motion in the water entering. Now, if the suction pipe 
be half the diameter of the pnmp barrel, it is evident that, 
to keep the barrel fall as the plunger rises, the water must 
leave the suction pipe with four times the velocity that the 
plunger is rising, and in consequence must cause eddies 
and vibration. It is, on the other hand, useless to have 
the suction pipe larger than the pump barrel, because 
the water would not come in any easier, as its ingress 
would then be limited by the area of the pump barrel 
itself. 

It does not in the least signify of what material the 
pipes are made, so long as they are tolerably small for the 
water adhering to, or wetting, the sides of the pipe. The 
actual surfaces of friction are both water, as a layer of 
water lines the pipe, and the flowing water runs over 
this aqueous lining ; so that, whatever material the 
pipe may consist of, the friction is between water and 
water. 

Velocity is the -great element in the friction of liquids, 
pressure in no way affecting it ; but the friction varies as 
the cube of the velocity. 

To And the delivery of single-acting pumps we have the 
following rule : — 

Rule. — To find the delivery per stroke in gaUons of a 
single-acting pumpf multiply the square of the diameter of 
the piston or plunger in inches by the stroke in feet, and 
divide the product by 81. 

This rule allows about Ave per cent, for leakage. 
Let the diameter of the pump plunger be 20 inches, the 
stroke 8 feet. 
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20 inches diameter 
20 



}) » 



400 square of diameter 
8 feet stroke 



81)3200(103-2 gallons per stroke. 
31 



100 
93 



70 
62 



8 

It will, Iiowever, most frequently happen that the quan- 
tity to he delivered is given, and the diameter of the pump 
has to he determined* Suppose, for instance, a population 
of 40,000 required to he supplied with water hy a pumping 
engine in a manufacturing town. Allowing 80 gallons 
per head per day, the total quantity to he pumped in 12 
hours (not working the engine at night) will be 

40000 
30 

12)1,200,000 gallons per 12 hours 

60)100,000 gallons per hour 

1666 gallons per minute. 
Let the engine be single-acting and make 8 strokes per 
minute : 

No. of strokes 8)1666 gallons per minute 

208 gallons per stroke of pump. 
The stroke of the pump being given, the diameter of 
the plunger may be found from this rule : 
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B(7LE. — To find the diameter in inches of a pump to 
deliver a given number of gallons per stroke, multiply the 
given number of gallons by 31, and divide by the stroke of 
the pump ; the square root of the quotient will be the dia- 
meter of the pump plunger in inches (allowing 5 per cent, 
waste). 

In the present case, let the stroke of the pump be taken 

at 10 feet* 

208 gallons per stroke 

31 



208 
624 



Stroke of pump 10)6448 

644-8 



2)644-80f25-3 inches diameter, 
4 



45)244 
225 



503)1980 
1509 



471 



The pamp plnnger would be made 25} inches in diameter. 

With the single-acting Cornish pnmpiDg engines, com* 
monly used in extensive water-works and for mining 
operations, the plunger of the pump is usually loaded with 
what is termed the preponderating weight, the action of 
the machine being thus, — ^the steam acting during the 
down stroke of the piston, the pump plunger is drawn up, 
and with it the preponderating weight, then the equi- 
librium yalye being opened so as to equalise the pressure 
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on top and bottom of the piston, the preponderating weight 
presses the pump plunger down, forcing the water through 
the delivery valve to its destination. We will now show 
how the amount of this preponderating weight is to be 
calculated. 

Let the water being pumped up be required to be raised 
162 feet above the bottom of the pump plunger when at 
mid-stroke, the pressure per square inch correspondiDg to 
this weight is found by a previous rule* 

162 feet head 
•434 



648 
486 
648 



70-308 lbs. per square inch. 

Let the diameter of the plunger be as above 25 5 inches, 
then its area will be — 

25*5 diameter of pump 



25-5 

1275 
1275 
610 

650-25 
.785 

825125 
520200 
455175 
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510*44625 square inches area of pump. 
To get the total pressure to be overcome, and therefore 

F 2 
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the amount of the preponderating weight, we multiply the 
area of the pump by the pressure per square inch* 

510 square inches area 
70 lbs. per square inch 



85,700 lbs. preponderating weight. 

In addition to this weight, more has to be added in order 
to overcome the friction of the engine, but this is usually 
ascertained by experiment ; for in fact it is impossible to 
calculate to anything like accuracy the friction of an en- 
gine. When a pump is properly balanced the weight is in 
excess at the commencement of the stroke and deficient at 
its termination, gaining velocity during the first half of its 
stroke, and gradually coming to i<)st as the plunger 
reaches the bottom of its stroke. 

The pressure of the water cannot again force the plunger 
upwards, as the closing of the delivery valve prevents its 
return. 

It is a matter of vital importance that the pump valves 
should work accurately and quickly, as otherwise there will 
be a great loss of water. In some of the early pumps they 
used the clack or butterfly valves, but they expose so large 
a surface to the water in proportion to their weighty that 
they are very slow in closing, and two evils result there- 
from; the first is great loss of water, amounting to as much 
as 16 or even 20 per cent, of the water; and the whole 
column of water descending with and upon the valve causes 
a very great shock, destructive to the machinery. We 
will take an example to illustrate the force of such a blow 
in a large pumping engine. There is an engine near Lon- 
don, the pumping plunger of which is 50 inches in dia- 
meter, the height of lift being 100 feet, this will represent 
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a pressare of 43*4 lbs. per square inch, acting on an area 
of nearly 2000 square inches. 

43*4 lbs. per square inch 
2000 square inches 

8G8000 lbs. 

This weight of 86,800 lbs. is equal to 38*7 tons. In 
the engine alluded to the valves are of excellent construc- 
tion, so that any one standing close by can just feel them 
beat and no more ; but if we assume that a flat valve had 
been used, at every stroke of the engine a blow equal to 
38 tons falling through one foot would have been inflicted 
on the machinery. 

The double-seated valves have been very much used for 
large pumps under high lifts, and give good results, and 
recently india-rubber valves have been employed with 
great success. We were first shown them in action by 
Mr. Morris, of the Kent Water Works, Lewisham, and 
we believe that gentleman was the first to introduce them. 
The valve consists in form of a series of cylinders diminish- 
ing upwards from the base pyramidically, and perforated 
with vertical slots, so that the valve altogether forms a 
series of cylindrical gratings, round each of which an 
india-rubber band is placed. The pressure of the water 
expands these belts, and passes them, after which they 
close noiselessly, the superincumbent pressure of the water 
keeping them perfectly tight. 

Let us now consider the ordinary round valve used for 
small pumps, safety-valves, &c. It is necessary in fixing 
these to place some set screw or stop to prevent the valve 
being thrown out of its seat, and this stop should be fixed 
at such a distance, that it will suffer the valve to rise 
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jast high enough to allow of the free passage of liquid 
through it. 

In order that liquid may pass freely through a valre, 
it should open to such a height as will make the cylindrical 
opening under the edge of the valye equal to the area of 
the valve. 

The area of the yalve is equal to its diameter squared, 
multiplied by *785. The area of the cylindrical opening 
is equal to the circumference of the valve, multiplied by 
the height to which it is opened, but the circumference of 
the valve is equal to the diameter of the valve multiplied 
by 8*1416. For the two areas to be equal, we find that 
the diameter multiplied by the diameter, multiplied by 
'7854, should equal the height of lift multiplied by the 
diameter, multiplied by 8-1416. 

Here in both quantities the diameter occurs as a multi- 
plier, hence it may be cancelled in both ; then the question 
stands thus : the diameter of the valve multiplied by 
07854 is equal to the height of rise multiplied by 8*1416. 
Hence, if we multiply the diameter of the valve by 0*7854, 
and divide by 8*1416, we shall find the proper rise of valve; 
or as the height always varies in a certain proportion to 
the diameter of the valve, we can find that ratio by dividing 
•7854 by 81416. 

3*14l6)-78540(-25 
62882 

157080 
157080 



In some cases the water is pumped into a reservoir, in 
others the flow is regulated through a stand-pipe or air- 
vessel. 

In pumping machinery furnished with a single acting 
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pump, the flow of water from the outlet valve is inter- 
mittent, the carrent being snspended daring the stroke on 
which the pnmp barrel is filling with water ; hence, if the 
water were suffered to pass direct into the pipes, it would 
flow through them in pulsations iuistead of continuously, 
wherefore it becomes ueceBsar; to interpose some con- 
trivance to convert the flow into a continuous one. 

An ^r vessel is nsually made of spherical or cylindrical 
form, the water flowing in on one aide and out on the other, 
both inlet and outlet being near the boitom of the vessel. 
When the water level gets above the inlet and outlet, it 
confines the air above, which then acts as a spring, the air 
being slightly more compressed as the downstroke of the 
pump plunger is made, and losing this extra compression 
during the tipstroke, while no water flows in. These air 
vessels may be calculated according to the rule for their 
cast-iron cylinders from the pressure due to the head of 
water under which they are intended to work. 

A standpipe is shown in Figure 15 ; A ^'b- ^5* 
being the ascending pipe through which the 
water from the pump is forced, and from 
which it flows into the pipe B, at the bottom 
of which is an outlet to the pipes carrying 
the supply to its destination. The stand- 
pipe ia built up in short lengths, being con- 
nected by the joints c c, which may be 
ordinuy spigot and faucit joints, or united by 
bolts passing throngh flanges on the ends of 
the short lengths of piping. 

Ab the water flows into the standpipe during the down- 
stroke of the pomp, the level of water rises slightly and 
falls again daring the time when no water is flowing from 
the pump. 



104 WATERWORKS, PUMPS, ETC. 

The tbickiiess of metal may be calculated according to 
the rule given for thin cast-iron cylinders, the pressure 
being determined on any pipe from its distance below the 
surface of water in the standpipe. 

From this it will be seen that the pressure on the pipe 
at the surface of the water is nothing ; it there commences 
and reaches its maximum at the bottom of the standpipe ; 
hence, in stand-pipes of great height, the upper pipes may 
be thinner than those at the bottom. 
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CHAPTER VI. 



RAILWAY AXLES AND WHEELS. 

With the constantly increasing weight of railway freight 
and higher speeds of travelling, the necessity of using 
wheels and axles of the most endaring quality augments. 
Even on the smoothest laid permanent way these parts of 
the rolling stock are unayoidably subjected to a series of 
shocks tending to set up a vibration most destructive to 
the materials of which they are constructed. 

It may be as well here to allude briefly to the effects 
wrought by frequently repeated shocks on iron as regards 
the molecular condition of that metal. All, or nearly all, 
of the metals have a tendency, under favourable circum- 
stances, to become crystalline in their structure, and 
slight agitations, insufficient to destroy cohesion, yet afford 
opportunities to the atoms to arrange or re-arrange them- 
selves into crystalline molecules according to their affini- 
ties or polarity, and in the constantly repeated shocks 
which occur to the axles of a railway carriage or waggon 
are such agitations to be found. It is necessary under 
these circumstances that the axles be made in the best 
possible way, as the rupture of an axle is most likely to 
cause a train to leave the metals, thereby giving rise to 
the most serious results. 

F 
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RAILWAY AXLES AND WHEELS. 



Fi^. 16. 



The best mode of manufacturing railway axles is by 
adopting the same mode of piling the metal in the forge 
as was used in Clay's large wrought-iron gun, which con- 
sists in laying together bars of a V section with all the 
apices melting, so as to build up a form approaching to a 
circular section, and from a pile so built up to roll the 
axles. By this arrangement a far more homogeneous 
section is obtained than when the axle is made from a pile 
of square bars. 

In Figure 16 is shown a 
form of railway wheel in yery 
common use, and which gives 
general satisfaction. The 
spokes, a, of this wheel are of 
wrought-iron, being formed 
of a series of bars bent into a 
form approaching a triangle, 
and placed together in the 
position shown, after which 
the boss of the wheel is attached. This boss may be 
either wrought or cast-iron. If a wrought-iron boss is 
used, the interstices at the inner ends of the spokes 
are filled with wedge-shaped pieces of iron, and the central 
portion of the wheel being raised to a welding heat, rings 
of wrought iron are placed centrally on each side of the 
wheel and welded up to the spokes and filling-pieces, thus 
producing a solid wrought iron boss in one piece with the 
spokes of the wheel. 

If a cast iron boss be desired, the spokes fixed in posi- 
tion are placed in a mould and the boss is cast on ; the 
cast iron, shrinking as it cools, takes a firm grip of the 
ends of the spokes, which are '' nicked," or notched, to 
afford a better hold. 
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The boss of the wheel being complete the next process 
is that of '' Teeing np/' which consists in welding in tri- 
angular pieces of iron in the spaces left between the 
shoulders or outer ends of the spokes, so as to form a 
complete circular perimeter to receive the tyre of the 
wheel. This is commonly done by hand, but by a modi- 
fication of the steam hammer it might be efifected with 
much greater precision and economy* The work, so far 
completed, is termed the body of the wheel, and when 
turned is ready to receive the tyre. 

The tyre is bored out to a somewhat smaller diameter 
than that of the body of the wheel, and is shrunk ouj being 
expanded by heat, until at a high temperature, its inside 
diameter is sufficiently increased to enable it to pass over 
the body of the wheel, on which it is then placed and al- 
lowed to cool ; in cooling it contracts, and so takes a firm 
hold on the central part, after which it is further secured 
to the body by bolts or rivets passing through the tyre 
and that part of the body which lies between the spokes 
proper. 

The amount of shrinkage should be only enough to 
cause the tyre to take a firm close hold round the body, 
for if it be too much, some part of the work must be more 
or less injured, and it is found that for the class of wheels 
above described, about one-sixteenth of an inch for every 
foot in diameter is sufficient ; so for a three-foot-wheel the 
shrinkage allowed would be three-sixteenths of an inch. 

The tyres are made in two different modes, according to 
whether they are to be welded tyres or solid, the latter 
being undoubtedly the soundest and best ; the former are 
constructed of tyre bars bent into a circular form and shut 
or welded up the joint, being a " butt " joint, which is 
always awkward to make a good and secure shut with. 
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la making solid or weldleBS tyres, the following procees 
is poTsaed. In the first place a cbeese-ehaped " use " is 
forged ander the Eteain hammer, and snbseqnently a hole 
is punched in its centre, which is made HnfBciently large for 
the rongh forging so produced to be placed on a wheel 
rolling machine or "mangle." In this machine are two 
rollers, one of which is inside the tyre, and the other ont, 
their distance hang regnlated by hydraulic or other pres- 
sure. On these rollers being set in motion, the circular 
nse rerolves, and from thepreasare of the rollers gTadnally 
thins out, increases in so doing to the required diameter, 
and assnmes the form of sectional area desired, and thus 
the tyre is formed without a weld. 

At Fig. 17 is shown a form Fig 17. 

of railway wheel known as 
Mansell's Wheel, the pecn- 
liarity of which is that the 
body of the wheel ia made of 
wood instead of being of 
wrought iron as in the last case. 
The wood is retained between 
the boss and tyre by enitable 
plates and bolts, and in form is 

wedge-shaped, the varions pieces being so arranged as to 
keep the wood in such a position that the grain shall 
radiate in all directions from the centre. This wheel has 
some great advantages, not the least of which is that they 
mn with great smootimess, and by so doing decrease the 
vibrations of the carriage frame, redodng wear and tear, 
and odding to the comfort of passengers. 

Figure 18 shows a section of wheel invented by Mr. 
Evans to obviate accidents ansing from the tyre of the 
wheel breaking. The boss of the wheel is attached to 
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the tjre by means of two discs a, a, formed as shown, 
with a ridge or dove-tail round their peripheries, fitting 



Fig. 18. 



into corresponding 
grooves in the tyre. 
Now by this mode of 
construction it is evi- 
dent that even if the 
tyre should break up 
into several pieces, 
those pieces cannot 
separate from the 
body of the wheel 
because each portion 
is held in position by its own portion of the ridge and 
groove. 

The number of patents that have been taken out for 
railway wheels is almost incredible, but we have not space 
here farther to dilate upon the matter. 
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CHAPTER Vn. 



TURNTABLES AND TRAVERSERS. 

As in the cast of railway wheels, so with turntables, the 
great importance of adopting accurate principles in design 
and construction canuot better be attested than by the 
number and variety of plans which haye from time to time 
been deyeloped and patented, each one asserting some 
special superiority over its predecessors. 

Turntables are used for two purposes : to enable a car- 
riage or engine to be transferred from one track to another, 
laying at an angle to the track from which such engine or 
carriage is coming ; and, secondly, for turning end for end 
such engines and carriages as are desired always to run 
with the same end forwards, this being desirable with all 
locomotive engines having tenders, and with some car- 
riages peculiarly fitted in the axle boxes. 

The principal or essential parts of which all turntables 
consist are as follows : — Commencing at the foundation, 
we have first the centre pillar or the roller path, or as it is 
technically termed, the roller race. These two parts sus- 
tain the whole weight of the turntable, and its superincum- 
bent load between them, in proportions dependent upon the 
design of the superstructure, and they are firmly secured 
to the masonry foundations provided to receive them. 
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The saperatrnctaTe coneists mainlj of the tarutable 
proper, or platform, proyided with a centre npon which to 
re?olre, and having underneath ita periphery the rollers 
npoD which it reets, and which, when in motion, tnrel npon 
ike bottom roller race. The tomtable top is provided on 
its onder side with rails resting on the rollers, and the 
rollers themselreB are kept in position hj radial rods and 
rings, the former preserring their proper distances from 
the tamtable centre, and the Utter ^eir correct distribn- 
tion round the circumference of the table. From this ar- 
rangement it will be obseired that the table top most make 
two rcTolntions for the rollers to travel once round the 
roller path. 

Upon the top of the table are fixed nuls npon which 
ma; be mn the carriages or engines repaired to be tamed. 
It has been proposed to replace the peripheral rollers 
Duder the turntable by balls or spheres running in a grooved 
race, bnt, as might have been anticipated, the resalt was a 
failure; for as it would be practically impossible to obtain all 
the spheres for any particular table of exactly the same size, 
BO it follows that within a short time some of the spheres 
overtake the others, and pig jg. 

becoming thus jammed to- 
gether, require great force ' 
to move them, and the table | 
becomes then useless until it 
is readjusted, when the same 
conrse is again followed 
hence these tables have not 
come generally into use. 

In fignre 19 is shown an 
ordinary pillar or centre for a turntable. A is called the 
cap, and to it is attached the turntable top or plat- 
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form on the underside of the cap, and in its centre is 
placed the " centre," b, which should be made of steel ; it 
is hemispherical on its under end, which rests in a cup, c, 
haying the recess in it slightly larger in radius than is the 
hemispherical end of the centre. D is the body of the 
pillar. 

In tables of the above description the greater portion of 
the load is assumed to be supported by the rollers, and 
this evidently involves a great amount of friction which, 
by adopting a different principle, may be avoided. The 
principle referred to is that used in Sellers' table, which is 
very largely applied for locomotive turntables. 

These turntables being required to take a locomotive 
and tender and turn them end for end, need only one track 
of rails, but require to be about forty feet in diameter. 
They are usually formed of two wrought iron plate girders, 
one under each rail ; they are braced together transversely, 
and bolted to a jacket attached to the cap of a centre 
similar to that described above and shown in Fig. 19. 
Under the table, at its outer ends, are rollers, two at each 
end, and under them a roller race running all round the 
turn-table pit. These rollers, however, are not intended 
to sustain any load while the table is being turned, but 
only to support the ends of the table while the engine is 
being run on and off it. They are, therefore, so fixed that 
when the table is perfectly level they are not resting on 
the roller race but stand about half an inch above it. 
When the engine and tender are ran on to the table pro- 
perly, so as to balance, the whole weight is upon the centre, 
the rollers being above the rails ; hence the load is very 
easily moved. A forty-foot turntable loaded with fifty 
tons equally distributed may be readily turned round by 
one man. 
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In making the flooring of turntables formerly wood was 
principally nsed, but more recently its place is being taken 
by iron chequered plates, which form a strong and durable 
platform. 

The pillar carrying the centre of the turn-table is, of 
course, in compression, and the bolts attaching the table- 
top to the cap in tension. 

Let us assume a turntable to weigh 14 tons, and its 
maximum load to be 50 tons, this will make a total gross 
load of 64 tons on the centre. 

Assuming c&st iron to carry 7 tons per square inch 

safely, the sectional area of the smallest part is thus 

found :— 

7)64 tons load 

9*1 square inches* 

Which would correspond with a diameter of 3| inches. 

In j)ractice, however, tkey are never made so small, the 

size being judged of as a matter of proportion rather than 

direct strength. 

Taking the safe load on the bolts at 5 tons per sectional 

inch we find — • 

5)64 tons load 

12-5 square inches. 

So the gross area of the bolts must not be less than 
12'5 square inches. If bolts 2 inches in diameter be used, 
the effective sectional area will be 3 square inches in each 
bolt. Hence the number of bolts will be«- 

3)12*5 square inches 

4*16 bolts, 

or somewhat more than 4 bolts. Now in this case we need 
ample strength, for it must be remembered that the whole 
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load is hanging on a very few bolts, and the failure of one 
of them would be a very serious matter, losing at once one 
quarter of the whole strength of the apparatus. Hence, in 
the present case we should put in 6 bolts, each 2 inches 
in diameter, and in addition to this, to guard against defect 
in the thread of the screw, an additional nut, or lock-nut 
as it is called, is put on over the ordinary or working nut. 

The girders which carry the table-top are placed directly 
beneath the rails, and of course in tables with more than 
one track they intersect beneath those points where the 
rails on the top cross each other. 

We may now make a few remarks upon the subject of 
carriage traversers. The object of a carriage traverser is 
to take a carriage or waggon up from one line of rails and 
carry it laterally to another, and there lower it on to the 
metals. Bails are laid at right angles to the ordinary 
metals for the traverser to run upon, being of course cut 
away at parts where they would interfere with the passage 
of the flanges of railway wheels. There is nothing in the 
details of these frames requiring special notice* 
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CHAPTER Vm. 



SWITCHES AND CROSSINGS. 

In tlie mannfactnre of switches and crossings required 
for permanent way, the greatest care is requisite ; as 
inaccuracy of design or construction may lead to most 
serious accidents. For instance, if the "tongue" of the 
switch should not close properly upon the back or main 
rail so that the point of the tongue fails to catch the flange 
of the leading wheel of the train, then it may happen that 
the train will run in between the metals on to the ballast, 
and thus be thrown off the track altogether ; and if the 
tongue rails be made with thick points projecting beyond 
the top of the main rail in a lateral direction, the wheel 
flange striking may mount on the metals and so run off; 
this last form of switch tongue is, however, scarcely ever 
made now. 

Fig. 20 shows the general form of the tongue rail and 
back rail of an ordinary switch. A, B, shows the back or 
main rail with the tongue C, D, closed upon it, so that any 
wheel travelling on the main rail in the direction from B to 
A, would be led off by the point D of the tongue rail, and 
would run on the tongue from D to C, and thence to 
the metals following, a, h, and c, d, show the same switch 
when open, in which position a wheel proceeding from b, 
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towards a, wonld pass on along the 

main rail unaffected by the tongue . ^ '^ 

c, d. We have only shown the one 

tongue and back rail to illustrate 

our remarks as to the method in 

which the tongue should be fitted ; 

the further general arrangement 

not being contemplated in a work 

on details. 

In fig. 21 are shown sections of 

a switch from which the form re- 

quired to show the "housing" of 

the tongue under the main rail may 

be observed. A is the main rail 

of a general section, B, but partly 

cut away on the bottom flange to 

allow of the closing of the tongue C. 

D shows the tyre of the wheel. 

Now the section A, is taken close 

to the end of the tongue, and where 

its extremity is completely under 

the head of the rail A, from which 

it will be obserred that the flange L i ^ 

of the wheel will pass on and coyer 

the point of the tongue rail while the wheel is yet on tlio 

back or main rail A, and as the tongue rail curves awny 

from the back rail it 



will gradually lead the 
wheel by its flange into 
the track with which the 
tongue rail communi- 
cates. The tongue rail 
is gradually tapered from 



Fig. 21. 
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its fall section down to that shown at 0, being also curved 
so as to properly fit at its extremity ; for if the extreme 
end of the tongue should stand away from the back rail, 
the flange of the wheel might pass between the two and 
thus run ofif the track ; and if the point of the tongue were 
so thick as to project beyond the side of the head of the 
rail, the flange of the wheel might mount it. It does not 
follow as a matter of course that such results must accrue 
upon the defects alluded to, especially on a straight track, 
as there is always a certain amount of play allowed between 
the wheel and rail, which may be quite enough to clear the 
over-hang of the point of the tongue ; but still, there is 
always the danger, and more especially if the point be 
located on a curve. 

Crossings are required where one line of rails intersects 
another, and are of the general form shown in flg. 22, though 

Fig. 22. 




of coar&e the angle varies, according to circumstances. 
The part requiring most attention as being most liable to 
wear is the point A ; and for the construction of this por- 
tion, a great many different designs are in use. Formerly 
it would be made of two pieces of rail planed down and 
welded together so as to form a solid point ; and subsequently 
the crossings have been made in solid steel. The pointa 
have also been formed by housing the end of one rail under 
another, and there firmly securing it ; the rail to which 
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the housed rail is attached having its extremity planed 
away to form the point. This mode of constraction affords 
the opportunity of taking the crossings to pieces if required j 
hut we are rather in fayoor of solid crossings, if well formed 
and carefully executed: and, certainly, in all cases we 
should use solid points, whether of steel or iron ; adopting 
in preference the former material. 
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CHAPTER IX. 



BOILERS, TANKS, AND GIRDERS. 

The work performed in the boiler yard comprises the con- 
stmction of all kinds of works, consisting principally oi 
plate and bar iron riveted up, and thns includes boilers, 
tanks, gasholders, eyaporating vessels, girders, &c. In 
boilers, &c., it is necessary that the joints should be 
sufficiently close to effectually prevent the passage of 
liquids or fluids under pressure; hence, in these cases, 
greater care is required than in the riveting up of bridge 
or girder work. Li the first place, it is desirable to know 
the size of rivet best suited for any particular thickness of 
plate, always remembering that in boiler work we have but 
two thicknesses of plate to rivet together, except at the 
comers of plates in some kinds of boilers, but in such 
places the plate is hammered down thin, or rather, tapered, 
in order to avoid spaces which would require caulking. 

The following table shows the diameters of rivets suita 
ble for different thicknesses of plate, as found in practice. 
The table also shows the proper lengths for countersunk 
and snap-headed rivets. 
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The pitch of rivets in boiler work should be as close as 
practicable without injuring the metal, for if the rivets 
be too close, cracks will occur between them in the line of 
centres, thus destroying the strength of the joints. For 
work having | inch rivets snap-headed. If inch pitch may 
be used with sound boiler plates of the best quality, but 
with ordinary ones it is not advisable to adopt less than 
2 inch pitch, and the same ratios of pitch to diameter may 
be used for other sizes of rivets. 

The strength of a boiler is calculated in a manner similar 
to that adopted lor pipes ; Dut we have to consider the 
strength afforded by different modes of construction, and 
also to observe which parts of the boiler are under tensile} 
and which under compressive strain. 

In a tubular boiler, such as a locomotive boiler, we find 
tension on the outer shell, and compression on the tubes 
through which the flames and heated products of com- 
bustion pass from the fire-box to the smoke -box. 
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In a tubalous boiler, such as Craddock's or Jordan's, 
where the water is in the tabes and the fire outside them, 
we find tensile strain only, and in such boilers as are formed 
of flat plates stayed together, similarly to the fire-box and 
casing of a locomotive, there is a transverse or cross 
breaking strain brought upon the plates, and a direct 
tensile strain upon the tie bolts which are necessarily used 
to prevent the bulging asunder of the fiat surfaces which 
bound the water and steam spaces. Into all these different 
strains it will be necessary for us to inquire, and we shall 
now proceed to illustrate each kind by example. 

We will first take the case of an ordinary Cornish boiler 
with a single flue. 

Assuming the boiler to be single riveted throughout 
its length, the strength of the joint will be just half that 
of the solid plate ; but if it be double riveted, the strength 
will be seven-tenths of that of the solid plate. Hence, for 
single riveted boilers we have the following rule :-^ 

EuLE. — To find strain per sectional square inch in a 
boiler, multiply the pressure of steam per square inch in the 
boiler by the radius of boiler in inches, and divide by the 
thickness of the plate in inches. 

Let pressure of steam be 60 lb. per square inch. Eadlus 
of boiler 30 inches, thickness of shell ^ inch. 

60 lb. per square inch. 
30 inches radius of boiler. 

Thickness of plate •5)1800-0 

3600 lbs. tension per sectional 
square inch. 

The safe working strength of solid plate in tension is 

o 
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10,000 lbs., hence that of the single riveted joints will be 
half this, or 5000 lbs. per sectional square inch ; and 
assuming this as a general rule, we determine the requisite 
thickness of shell for any boiler of the above description as 
follows : — 

HuLE. — To find the necessary thickness in incles for the 
shell of a Cornish boiler y multiply the steam pressure in lbs, 
per square inch by the radius of the boiler in inches, and 
divide the product by 5000. 

Let maximum working pressure be 80 lbs. per square 
inch, radius 24 inches, the requisite thickness will be found 
as follows : 

24 inches radius. 
80 lbs. pressure per square inch. 



6000)1920-O(-376 inch thick. 
15000 



3800 
3500 



3000 
3000 



So the shell of the boiler would be f inch thick in this 
case. 

We must next consider what should be the dimensions of 
the internal flue or fire tube passing through the boiler, 
here the pressure is on the outside of the tube, and has a 
tendency to collapse or crumple up the tube ; experiments 
have been tried to determine the laws of strength of tubes, 
with the following results : The strength of the tubes was 
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found to yary as the square of the thickness of the tube, 
and inyersely as the pressure on it; and its length and 
diameter. The following rule has been deduced from these 
experiments : — 

RvhE.^^Tofind the proper thickness of the tube in inches^ 
multiply the pressure in lbs. per square inch by length of tube 
in feet f and its diameter in inches^ and divide the product by 
160,000; the square root of the quotient will be the required 
thickness in inches. 

It is evident that the longer the tube is, the weaker it 
will be ; hence it is usual yirtually to divide long tubes 
into a number of lengths by means of strong stiffening 
rings riveted to them. 

Let the pressure in our example be 80 lbs. per square 
inch, length 8 feet, diameter 20 inches. 

80 lbs. pressure per square inch. 
8 feet long. 



G40 

20 inches diameter. 



1COOOO)1280000(-08 
12800-00 



We have now to extract the square root of '08, which 
we find to be *3 nearly, hence we may safely make the tubes 
I inch in thickness. 

Elliptical tubes may be calculated by the foregoing rule 
by acting upon the diameter of the flattest part of the 
lube ; from this it will be seen that elliptical tubes are 
weaker than those of a cylindrical form. 

G 2 
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The fact that the length of the tahe comes into the cal- 
culation in considering crushing strain on wrought iron 
tubes, but not in the case of bursting strain, prevents us 
from making any general comparison as to the relative 
strengths of tubes under the two sets of circumstances. 

We will next consider the strengths of stayed surfaces 
of a flat form ; they evidently assume the* conditions of 
solid continuous beams uniformly loaded, and, therefore, 
may be treated as follows :— 

Rule. — To find the requisite thickness for a stayed surjact 
in inches^ multiply the square root of the steam pressure in 
lbs. per square inch by the greatest distance between tht 
stays in inches , and by '008. 

Let the pressure be 60 lbs., and the distance between 
stays 7 inches. 

7)60(7 7 square root of pressure (nearly). 
49 



147)1100 
1029 



7-7 square root of pressure. 
7 inches distance of stays. 



53-9 

•008 



•4312 inches thickness of plate. 

Practically this would be J inch. 
The natare of the strains on the stays connecting the 
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flat sides will be simply tensile, and the diameter of the 
stay will be found as follows : — 

EuLE. — To find the diameter of stay in inches, multiply 
the distance between the vertical rows of stays by that 
between the horizontal rows, multiply the product by the 
pressure in lbs, per square inchf and divide the square root 
of the product by 70. 

Let the vertical and horizontal distances be respectively 
6 inches and 8 inches, and the pressure of steam per square 
inch 60 lbs. 

G inches vertical diameter. 
8 „ horizontal „ 



48 
GO lbs. per square inch. 



2880 product. 



• a 



5)2880(53*6 square root nearly. 
25 



103) 380 
309 



1067) 7100 
6402 



• • . • 



Constant 70)53-6 



•765 inch diameter of stay. 

Practically the stays would be J inch diameter. 

With regard to spheres and spherical, or egg ends, it 
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may be observed that tbey are twice as strong as cylinders 
of like diameter and thickness, when exposed to internal 
or bursting strain. 

The flat ends of cylindrical boilers are nsnally made of 
stouter plate than the barrel, bnt they are also tied in with 
stays, or else with triangular pieces of plate fixed with 
angle irons, like the gusset plates of a girder. 

The horse-power of a boiler is ascertained from its 
heating surface, one horse-power being represented by 
8*5 square feet of horizontal surface, or 17 feet of yertical 
heating surface ; and in the furnace, by from ^ to f of a 
square foot of grate surface. 

Of the fittmgs necessary for boilers, the safety valve is 
one of the most important, if not first in importance. It 
should be made of sufficient size to permit the escape of 
the steam as rapidly as the boiler is capable of generating 
it, for otherwise it is evident that when an engine is sud* 
denly stopped and left standing, the steam which continues 
to form accumulates in the boiler, and the pressure rapidly 
increases, perhaps to a degree inconsistent with safety. 

As a rough practical rule, we may assume that the safety 
valves should afford as much area for the escape of steam, 
as is to be found in the steam passages supplying the engine 
which the boiler is arranged to work, but this is assuming 
that those passages are correctly designed, which, however, 
may not be the case ; wherefore we give a special case. The 
general rule for the flow of gases through orifices is as 
follows:— 

Rule.— 7b jind the quantity discharged in cubic feet per 
minute, divide the pressure per square inch in lbs, on the gas 
by its density as compared with water, multiply the square 
root of the quotient by the area of the orifice in square feet 
and by 474. 
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FroDi this general rule a special one is dedaced for the 
special case under consideration. 

Rule. — To find the diameter of the safety valve in inches^ 
divide the square root of the quantity of steam generated in 
cubic feet per minute by ten. 

Let the boiler be capable of supplying 950 cubic feet of 
steam per minute,^- 

3)050(30 
9 



G0)50 



• t 



10)30 

3 inches diameter of safety valve. 

It will be necessary to explain here why the pressure of 
the steam in the boiler is not taken into consideration in 
this rule. The quantity of steam evaporated from a given 
bulk of water varies inversely as the pressure at which it 
is working, its density or weight varying at the pressure ; 
but the pressure also increasing with the density, supplies 
the greater force requisite to project the denser gas as 
quickly as the lighter. 

Boyle and Marriott's law is, that the density of a gas is 
as its pressure, and inversely as its volume ; but this is 
not exactly true of steam, because the temperature of the 
steam is not constant, and it is not a permanent gas ; but 
for all practical purposes the above rule is sufficiently 
correct, as the constants are assumed to allow a sufficient 
margin. 

The next point to be considered is the loading of the 
valve. The load may be applied direct by spring or 
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weight, or through the intenrention of a lever, the latter 
beuig the most usual method to avoid having very cum- 
brous weights. When the weights are applied direct to 
the valve, and hang inside the boiler, allowance must be 
made for their being immersed in water, as iron weighs 
one-seventh less in water than in air ; so, if we want a 
load of six pounds effective, and the weights are to be im- 
mersed in water, the actual weight used must be seven 
pounds. If, however, the weights be of lead, they will 
lose one-eleventh ; therefore for every ten pounds eiOfective 
weight we must, in this case, have eleven pounds actual 
weight. 

The direct load required on a safety valve may be calcu- 
lated in the following manner : — 

BuLE. — To find the direct load requisite for a given 
safety valve, square the diameter of the valve in inches, and 
multiply hy the pressure of steam in lbs. per square inch at 
tvhich the valve is intended to open, and by -785 ; the pro- 
duct will be the required load in lbs. 

Let the diameter of the valve be four inches, and the 
extreme pressure to be maintained in the boiler forty lbs. 
per square inch, — 

4 inches, diameter of valve 

^ " " " 

IG square of „ «. 

40 lbs. pressure per square inch. 

640 
j785_ 

3200 
5120 
4480 



502*400 lbs. load on valve. 
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To find the exact amonnt of weights requisite, we must 
deduct the weight of the valve itself from this gross 
weight. "We will assume the weight of valve and rod at 
5 lbs., which, deducted from 502 (dropping the '4), leaves 
497 lbs. extra weight to be put od the valve. If the 
weights are to be iron, and suspended in water, we must 
add I to the above, 

497 lbs. weight required in air 
83 lbs. i ditto (nearly) 

580 lbs. weight required if in water. 

If the load is to be applied through the intervention of 
a lever, the amount of weight hung to the lever will thus 
be found : — 

EuLE. — To find the weight at the end of the lever to pro- 
duce a given load in lbs, on the valve, multiply the load by 
the distance in inches from the fulcrum of the lever to the 
centre of the valve, and divide the product by the distance in 
inches from the fulcrum of the lever to the point of suspen- 
sion of the weight. 

Let the load required on valve be 497 lbs. ; distance 
from fulcrum of lever to centre of valve 4 inches ; and 
distance from fulcrum of lever to weight 24 inches, 

497 lbs. load 

4 in s, dist. fulcrum to valve 

Dist. fulcrum to weight 24)1988(82 8 (say 83 lbs. at end 

192 of valve lever. 

C8 
48_ 

"200 

192 

»— »-»- -— 

8 

o 
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Of pressnre gauges we hare not much to say, except 
that, for onrselyes, we pat little faith in any bnt mercurial 
gauges, which, howerer, in the simple form, cannot well 
be applied for high pressures, on account of the great 
height of the column of mercury requisite to balance a 
high pressure ; and of course it is impracticable to apply 
them to any but stationary boilers. 

In making and repairing boilers of all descriptions 
caulkiDg is to be avoided as much as possible, tight joints 
being better secured by good riyeting — ^that is, by riret- 
ing the plates carefully, so that the contraction of the 
riyets in cooling will draw the plates into close contact. 
Any slight interstices will soon rust up. 

In order to make good close joints, the plates should 
be brought into the closest possible contact before riyet- 
ing, so as to prevent the riyet forming a collar between 
the plates through which it passes, and then the contrac- 
tion of the riyets will do the rest. 

We will now pass on to make some remarks on the 
subject of tanks, though this work is so similar to boiler 
work, that but few observations will be necessary. 

An ordinary tank, open to the atmosphere, will obviously 
have no other strain to withstand beyond that which is due 
to the weight of water in it ; hence the maximum strain 
on the plates will be reached when the tank is full of 
water. The tanks made of wrought-iron plates should, if 
of any considerable depth, be strengthened at intervals by 
angle or tee-irons, in order to prevent the sides from 
being bulged out ; and this being the case, the proper 
thickness of plates at any depth can be found from the 
following rule : — 

Rule. — To find the thickness in inches of any plate 
necessary to resist the pressure of the water, divide the 
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distance in feet between the strengthening ribs by 20, and 
multiply the quotient by the square root of the depth in feet 
frcmi the mrface of the water to the plate under consider- 
ation. 

For example, let a tank be 10 feet deep ; tlie distance 
between the ribs 3 feet ; then the depth of the bottom 
plates will be 10 feet : hence, as 3*16 is the sqnare root of 
10, we proceed thus : — 

20)3 feet, distance between ribs 

015 

3*16 square root of depth in feet 



90 
15 
45 



'4740 inches, thickness of bottom plates. 

The thickness of the bottom plates should not be less 
than i inch. 

Haying settled the thickness of the bottom plates, it 
becomes the next task to determine that of the side plates. 
The thickness must be calculated for the depths of the 
lower edges of each tier of plates where the maximum 
strain will come upon them. 

Sach a tank would be made with three tiers of plates to 
form the sides, each tier being 3ft. 4in. (3*34 ft.) deep, so 
as to make up the total depth (10ft.) of the tank, and upon 
these depths we can act. 

The bottom tier of plates should be of the same thickness 
as the bottom plates of the tank, that is i inch, as their 
lower edges are the same distance below the surface of the 
water as the bottom plates. 

k2 



132 BOILERS, TANKS^ AND GIBDEBS. 

The lower edge of the second or middle tier of plates will 
be 6ft. Sin. (6'67ft.) below the top of the tank. The sqaaro 
root of 6-67 is 2-58. 

20)3 ft. distance between ribs 

2-58 square root of depth in feet 

120 
75 

30 



'3870 inches thickness of middle air. 

These plates, therefore, would be^made^'^B inch in thickness. 
The lower edge of the top row of plates will be 3ft. 4in. 
(3'34 ft.) below the top of the tank. The square root of 
3-34 is 1-82. . 

20)3 ft. distance below ribs 

015 

1*82 square root of depth in feet 

30 
120 
15 



•2730 inches thickness of top row. 

So the top row of plates should be y*o inch in thickness. 

The angle irons, tee-irons and cover strips should be of 
scantling proportionate to the thicknesses of the plates. 
The i plate should be fastened with } riyets, the cover 
strips being 4 inches wide ; the angle iron for joining the 
bottom of the tank to the sides should be 2^ inches by 2^ 
by i inch thick ; thus allowing 2 inches width of plate for 
each rivet which may be 2 inches pitch. Vertical tee-irons 
4 inches by 3 inches by ^ inch thick. 
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The -f^ plates should have f rivets, cover strips 3} inches 
wide, and stiffening tee-irons 4 inches by 3 inches by J 
inch thick. 

The i^V plates to be jointed the same as the -^^ plates. 
Across the top of the tank should be carried stiffeners 
formed by bending the vertical stiffeners, so as to form 
frames, and the edges of the tank may be stiffened by augle 
irons 8 inches by 3 inches by f inch thick. 

These calculations refer to a tank which is always open 
to the atmosphere, inasmuch as no pressure can be accumu- 
lated within it other than that due to the weight of water 
which it contains. But there are some tanks which may 
become subject to internal pressure from the accumulation 
of steam, — such are feed water tanks placed around the up- 
take of a boiler, in which the temperature may rise suf- 
ficiently high to cause the generation of steam, accompanied 
by increased pressure, which, if not allowed to escape, is 
very likely to cause an explosion, such as that which oc- 
curred on board the Great Eastern a few years since, when 
one of the feed water tanks burst through the accumulation 
of steam. 

We will now proceed to consider the manufacture of 
girders, but shall not enter into the calculations of strains 
on the main elements, as that would be foreign to the 
object of the present volume, besides entering into matters 
which would require a treatise to themselves. 

It is of course always presumed that the working 
drawings sent into an iron yard are really working draw- 
ings ; but experience shows that such is frequently not the 
case, wherefore it behoves superintendents to carefully ex- 
amine all drawings previously to commencing the manu- 
facture, in order to ascertain if they be practically de- 
tailed. 
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Not nDfreqaently it will occur that tee and angle irons 
are by thoaghtless and inexperienced designers, shown of 
such sections as will not allow room for the rivets required 
to retain them in position : thus, we hare seen a tee-iron 
shown 2^ inches by 2} inches by f inch shown on draw- 
ings, and specified to be fastened by | inch rivets. A tee- 
iron 2^- inches on the back and f thick will have 2^ inches 
clear, of which one-half or 1^ inch will be on each side of 
the web ; and if a f inch hole were taken out of this, it would 
only leave ^^ inch metal outside the hole ; and, in short, 
such a hole could not be punched without bursting the 
metal; and, in fact, the very width to carry a | rivet 
should be 1^ inches dear on each side of the web, and this 
is hardly sufficient to be quite satisfactory. 

The strength of plated work depends very materially upon 
the mode in which the rivet holes are formed ; that is to 
say, whether drilled or punched, and truly pitched or other- 
wise. Practically, a hole cannot be drilled in a thin plate 
with such accuracy as it can be punched, for as soon as the 
point of the drill is through the plate it loses its guidance, 
and unless the drill is very stout it will spring and wobble 
about, and so produce a hole that is far from being circu 
lar. The objections that have been raised to punched 
holes is that they are always conical, and that punching 
greatly strains and injures the plate. It must certainly 
be admitted that in ordinary punches, where the punches 
used taper very much, these assertions possess a con- 
siderable claim on our notice, though they may be much 
reduced in importance by adopting a perfectly cylindrical 
punch made hollow, or slightly sunk at the bottom in order 
to form a cutting edge, so that the bars of iron removed are 
cut out, not burst out as they are by the inferior punches. 

By combming the two processes, punching first, and 
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then runnrng a drill throagh the pnnched holes, very satis- 
factory results may be arrived at ; thns, if a | hole is 
required, it may be pmiched f inch, and drilled out to | 
inch diameter ; thus taking out any conicality that might 
exist in the hole, and smoothing its interior surface as 
well. This in our opinion is a decided improvement on 
drilling out of the solid, except where very thick plates 
are used; and plates should certainly not be drilled in 
cases where the diameter of the hole exceeds the thick- 
ness df the plate. 

If the holes are not truly pitched and accurately made, 
they will not come opposite one another when the work is 
put together, and so they have to be rhymered out, which 
enlarges them above the required size, or else they must 
be <' wrenched" into positions by means of drifts or 
*^podgers;" thus straining the plate and rendering the 
work inaccurate when done. The proper pitching of the 
holes is really a matter of the greatest importance, for 
when the plates are riveted together, there should be no 
strain upon them until sustaining the load for which they 
were designed. 

It is impossible to get the pitch exactly true unless self- 
acting punching machines be used ; but it is worthy of 
note how very few of the large bridge manufacturers use 
them, as notwithstanding that although their original cost 
is something considerable, they soon save it by economising 
the labour commonly expended in rhymering and drifting 
out the holes, besides turning the work out quicker and far 
better than the ordinary machinery. It would be better if 
engineers generally would rather insist on thoroughly good 
punched work, instead of specifying, as is so constantly 
done, that all holes shall be drilled out of the solid, a clause 
which is often subsequently cancelled., 
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In order to execute the work Batisfactorily and with 
economy, band labour should as far as possible be replaced 
by machinery; but this cannot in all cases be done, as 
machinery only pays when there is a large quantity of 
work of similar description to be executed ; thus, if we 
have a few angle irons to bend for knees to a small girder, 
it would not be worth while making tools to bend them, 
but if there be a great quantity of the same size and form 
there is a great saymg in pressing them, oyer smithing the 
ends in the ordinary way; and, in addition to this, the 
pressed knees will be far more uniform than those turned 
by hand ; which is a great advantage in some cases, such as 
where bridge-work is shipped away from the iron yard piece- 
meal, under which conditions it is very desirable that knees 
should be, if possible, interchangeable, — any one knee fit- 
ting any part of the girder, — ^thus saying much tedious 
work in marking. It not often that such a mode of ship- 
ment is adopted, but we haye known of some recent cases 
in which colonial girders, after being put together in 
England, haye been taken entirely to pieces and so sent 
out without one riyet in the work from one end to the 
other, and this eyen in bridges of 30 feet span, which 
might be shipped whole. 

In smithing the bars of tee and angle iron knees, it is 
usual to draw the end to be bent down oyer a cast-iron 
block, and it may be observed that the bar by so doing is 
lengthened, being thinned down on the table or back, and 
thus weakened ; whereas when the knee is bent by being 
pressed between dies, the metal is rather thickened at the 
bend, thus increasing the strength just where it is required, 
that is, at the angle, and making no waste ; for the iron for 
making these knees would probably be ordered long enough 
to make the knees without relying upon the extension under 
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the smith's hands ; hence, all the extension that takes 
place will have to be cut off and go to waste. 

In pressing these knees into shape, an hydrostatic press, 
worked with an accumulator, is most useful, as with it is 
obtained great force, together with tolerable rapidity of 
action. The dies are made of cast-iron, and attached to 
the table of the press, and to its crown-plate, A press, 
with a ram of about 10 inches diameter, working under a 
.pressure of 1,400 lbs. per square inch, will be found 
sufficient for most work of the class to which the foregoing 
remarks apply. 

The same press may also be used for making joint- 
plates, where a large number of the same size are required, 
in preference to shearing them to shape in the ordinary 
shearing machine. 

There is another plan of bending angle and tee-iron 
knees by hand, not yet referred to, which consists in cut- 
ting out a V-shaped piece at the point where the elbow is 
to be made, the cut being in the web, then bending the 
bar, and so bringing together the cut edges of the web 
and welding them up ; but here is introduced the danger 
of getting an unsound shut, and that just at the point 
where the greatest strength is required, as the object of a 
knee or elbow is to preserve some definite angle, and there- 
fore the strain upon it is at the bend. 

Wherever a joint occurs in tension in work, half-rivet 
holes at the ends of the plates must be carefully avoided, 
as a rivet half in one plate and half in the next is useless,' 
and might as well be left out, for the two plates, if pulled 
asunder, would receive no hindrance from such a rivet ; 
but, when the strain is in compression, it is a matter of 
no moment, as the plates are pushing towards the rivet, 
not pulling away from it. 
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In order that those who carry out the plating of girders 
should be acquainted with the kind of strain that comes 
upon the various parts of the job, we subjoin some criteria 
of strain for the guidance of such as may not haye turned 
their attention to the matter : — 

1. In an ordinary archj the strain is compressive through- 
out. 

2. In an ordinary suspension chainy the strain is tensile 
throughout, 

3. /» a bowstring the top member is in compression, 

4. „ „ „ bottom member or tie is in tension, 

5. „ „ „ bracing bars are alternately in 
compression and tension, 

6. In a plate girder the top member is in compression, 

7. „ „ ,, bottom member is in tension, 

8. „ „ „ web is under shearing or vertical 
strain. 

0. In a lattice girder the top member is in compression. 

10. „ „ „ bottom memba* is in tension. 

11. „ „ all bars with the top nearer to the 
centre line than the bottom are in compression, 

12. „ jf all bars with the bottom nearer to 
the centre line than the top are in tension. 

In putting girders together, under all circumstances, a 
certain amount of camber or upward curving should be 
given them in order that, when under their load, they may 
not deflect below a straight line. The amount of camber 
given is usually 1 inch for every 40 feet of span : this cam- 
ber may most readily be given by making the top flango 
somewhat longer than the bottom flange, and building 
on blocks suited to the intended curvature of the girder. 
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Before concluding this chapter, it is necessary to speak 
of machine riveting as compared with handwork. 

Although there has heen a prejudice against machine 
riveting, yet, at the present time, it is found practically 
to he decidedly the better of the two, as it makes closer 
work, and generally with less danger to the rivet-head, 
while the head being made at cnc nkoke, the girder es- 
capes the jar and vibration due to the repeated and inces- 
sant impact of the flogging hammers used in the hand 
process. 
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CHAPTER X. 



FITTING, TURNING, AND ERECTING. 

The varions parts of a machine haying been made in 
detail, it remains to fit them together, and mark them, so 
that their positions may be known at any future time when 
it may be necessary to take the machinery to pieces, and 
for repair or removal. In the present chapter we purpose 
entering upon the subjects of fitting, turning, and erecting, 
assuming, however, that in all cases the masonry foundations 
are put down independently of the maker of the machine. 

Each of the separate parts of a machine having been 
wrought as near to the exact size as may be determined 
by gauges and measuring instruments, it is then applied 
to that portion to which it has to be attached, and chipped, 
filed, or scraped, as may be necessary, until the desired fit 
is obtained. 

Standards intended to be carried on a bed-plate are 
generally cast with fillets or chipping-pieces, by which the 
level of the frame may be adjusted without incurring the 
expense of planing the whole of the foot or bottom of tho 
standard. 

Before placing the standards in position on the bed- 
plate, the centre lines should be carefully laid down and 
marked with a scriber or centre-punch ; and if there be 
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two standards, each one should be marked, and a corre- 
sponding mark be made on that, part of the bed-plate to 
which it belongs. 
The standards having been fitted and temporarily bolted 

■ 

to the bed-plate, the next step is to bore out the bearings 
for the shafts, if there be any, and this ought to be done 
with the standards in position, so that the two bearings of 
any one shaft may be bored out by one boring bar passing 
through such bearings to ensure accuracy of the axes, as 
otherwise the centre line of one bearing might not be 
lineable with that of the bearing destined to receive the 
other end of the shaft, under which circumstances it would 
be simply impossible to obtain a true fit; and if the bearings 
were scraped out of truth to enable the shaft to revolye, 
the result would be loss of bearing surface and undue 
friction in the bearings. 

When the bearings, whether of brass or iron have been 
bored, the shaft with the journals turned upon it should 
be tried into the bearings in the usual way, and the latter, 
if necessary, scraped until a correct fit is attained. 

If it be impracticable to bore the bearings as described 
above, or even very inconvenient, the bearings may be 
bored separately, but in that case, very great care and 
superior workmanship are indispensable. 

In such a case as fitting bearings in plummer blocks to 
carry the main shaft of an engine, the sides of the frames 
upon which the plummer blocks are to rest may first be 
planed at one operation ; that is, the cut of the planing 
tool must be carried right through across the two sides of 
the frame, and the bottoms of the plummer blocks should also 
be planed. The holes in the frame to be left out until the 
exact positions of the plummer blocks are ascertained by 
^rial. The plummer blocks with the bearings in them are 
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then to be bolted to the slide rest of the boring lathe, and 
both bored off the same bar and with the same cotters ; this 
will ensure accuracy of centres, as far as the vertical mea- 
surements are concerned ; laterally the positions must be 
determined by centre lines on the bed-plate or framing of 
the engine, any slight adjustment that may be necessary 
being made by means of wedges acting between the ends 
of the plummer blocks and snugs cast on the frame. 

The exact position of the plummer blocks haying been 
ascertained, the holes in the bed-plates may be drilled for 
the bolts by which the plummer blocks are intended to be 
secured to it, so that if removed at any future time there 
will be no difficulty in at once replacing them accurately, 
without the necessity of a fresh adjustment. 

It may be said, and justly so, that with accurate work- 
manship and correct working drawings, there should be 
no need for so much opportunity for adjustment, but, 
unfortunately, that accurate workmanship is not always 
available, and our attention is more especially drawn to pos- 
sible or probable cases of difficulty, than to those where 
every facility is at hand; and it is most important that 
the student should not confine his attention merely to 
successful works, carried out in the best manner by the 
most competent mechanics, but he should also especially 
study the errors of others, so that he may not fall into like 
ones himself; and should also qualify himself to deal with 
any emergencies which may be likely to arise ; and one of 
the most trying presents itself when called upon to con- 
struct a machine without having skilled or intelligent 
artisans to execute the designs ; for unless the designer is 
in a position to devise modes of effecting the manipulations 
necessary to the completion of his work, he must in pre- 
paring his plans take into consideration the capabilities of 



PITTING, TtJRNINO, AND EREOTINO. 143 

his workmen ; and may, perhaps, he compelled to aholish 
an elegant mechanical arrangement and sabstitute it by 
some rougher and less efficient contriyance, on acconnt 
of the inaptitude of those who are to work to his instruc- 
tions. 

The principle of ultimately determining positions in 
erecting machinery has, in at least one instance, been 
carried so far that every engine made of which a similar 
one had not previously been constructed, was made from 
drawings with little more than the centrelines upon them, 
the work being developed in the shop, and the complete 
working drawings made after the satisfactory completion 
of the machine, and therefore exactly representing the 
engine as executed. 

Of the great value of such plans there cannot be the 
slightest doubt, and more especially when they have refe- 
rence to machinery going abroad, as in case of any 
renewals being required, they can be made from the 
drawings with the certainty of fitting when sent out to 
their destination. 

To return to the details of the fitting shop, let us take 
the fitting together of certain parts of an ordinary steam 
engine, in order to describe the manner in which the work 
should be executed. 

Beginning with the cylinder and its appurtenances, the 
mode of packing the piston may first be considered. 

The old-fashioned method, of using one or two wide 
spring rings for pistons of ordinary size, has been almost 
superseded by the system introduced by Mr. Eamsbottom 
of using small rings, varying in width from a quarter of 
an inch upwards, and each one being placed in a groove 
by itself. The periphery of the ring is not exactly cylin- 
drical, the edges being rounded off with a view to obviate 
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the possibility of cutting the interior of the cylinder with 
the edges of the packing rings. This mode of packing is 
very snccessfal, bat some makers fall into the error of 
putting a steady pin into the body of the piston where 
each ring is split, in order to prerent the ring from turning 
round ; this, however, is quite unnecessary, as if the ring 
did turn it would not matter, eren (which is highly impro- 
bable) if the split part of two rings did come in the same 
line, as the amount of leakage would be insensible, and 
moreover, as the rings wear down, and the cylinder wears 
larger, there will be a considerable interstice where a 
portion of the ring is cut away to make room for the 
insertion of the steady pin. 

In boring out the cylinder, which is done with a boring 
bar and boring head, the latter furnished with recesses or 
slots in its periphery for carrying cutting tools, the 
finishing cut should be taken from end to end without 
stopping the tool, except for a minute or two for adjust- 
ment, because as the cylinder heats and expands under the 
action of the cutting tool, it will, when the machine is 
stopped, cool and contract, the result of which would be 
equivalent to giving the tool a deeper cut at some portion 
of the length of the cylinder, thereby producing a ridge 
which would be detrimental to the action of the machine 
when' at work. The boring bar should be used with at 
least two cutters diametrically opposite to each other, for 
if but one were used, the vibration of the boring bar as the 
tool passes over places of various degrees of hardness, will 
tend to vitiate accuracy of the cylinder ; three cutting tools 
placed at equal distances round the boring head, that is, 
making angles of 120 degrees with each other, will be 
better than the two, but it is very questionable whether 
any gain is experienced in increasing the number of cutters 
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beyond this, except ia saying time by taking several cuts 
at once, which in large cylinders is of importance. 

The final cat in boring a cylinder shonld be taken with 
a point tool which yields the most accurate work on the 
mean surface, but as a matter of course traces as it were 
a very fine spiral groove upon the interior of the cylinder, 
this, however, is immaterial, as in the course of two or 
three days' working it is worn away, and the surface of 
the cylinder becomes bright. If the slight roughness of 
the cylinder be removed by any kind of grinding or 
polishing, two possible evils are unnecessarily called into 
existence, one is the danger of interfering with the circular 
contour of the cylinder, the other that of some portions of 
the polishing powder becoming imbedded in the substance 
of the cylinder, and subsequently acting to wear away the 
piston when the engine is at work. 

By leaving the work in its truest state, though rough, 
— that is, as it comes from the boring lathe, — the most 
satisfactory results are attained ; for if the metal be fairly 
homogeneous, it will wear away equally, and although 
wearing, will remain true. 

In fitting the valves to the port faces of the cylinder, it 
used to be the rule, after getting them as true as possible 
with the planing machine and file, to face them up with a 
scraper to a surface-plate, also, in like manner, facing up 
the ports ; but there are disadvantages in having surfaces 
which are moying upon each other too nearly approaching 
to accuracy, for they will sometimes bind and stick so 
firmly as to necessitate the removal of the slide-jacket in 
order to release the slide. 

Under these circumstances it is obviously advisable to 
omit the process of facing with the scraper ; and, having 

H 
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made the port and slide faces true, to let tbem wear eacli 
other smooth. These remarks, as a matter of course, 
apply equally well to expansion- valves and others of a 
sliding character. 

In sliding parts, such as those above referred to, there 
is a constant tendency to bind, produced by the steam 
pressure on the back of the valve ; but no such tendency 
is in action on certain other sliding surfaces, such as 
guides, which may be faced up if desired. The method of 
using the surface-plate or, more properly, the planometer, 
is as follows : 

The planometer is a cast-iron plate, made with one sur- 
face, — a perfectly true plane, so far as it is possible by the 
best means and most careful manipulation to make it so, — 
and, on the under side, the plate is furnished with nume- 
rous strong ribs to obviate the possibility of its losing its 
truth by deflection. 

The work to be surfaced is first planed or chipped, and 
filed up to a true but rough plane, — that is to say, the 
mean between the tops of the prominences and the bottoms 
of the intervening depressions is a true plane, — and the 
object now is to remove these prominences, and arrive at a 
surface which shall be smooth and a true plane : the pro- 
cess is as follows : A small portion of " ruddle " or other 
colouring matter is rubbed on to the surface-plate, to which 
the work is then applied (unless it be very heavy, in which 
case the surface-plate is applied to the work, being fur- 
nished with handles by which it may be readily moved ), 
and gently moved about upon it. 

It follows that, as the work will only touch the surface - 
plate with its highest prominences, those points will be 
marked by the red colouring matter which had been 
rubbed upon it ; the points so marked are levelled down 
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with a scraper, which may he made hy grinding up the 
end of an old three-square file: the work is then again 
applied to the snrface-plate, and moved about upon it, 
when more points will be found to have become coloured ; 
and this process is continued until, on applying the work 
to the surface-plate, it becomes generally coloured with 
the ruddle, when the surface may be regarded as repre- 
senting a true plane ; its appearance, when the colour is 
cleared ofif, will be marbled or mottled. 

This process of surfacing is necessary in making many 
machine tools requiring great accuracy of workmanship, 
such as the beds and slides of lathes, &c. 

In scraping up cylindrical surfaces, such, for instance, 
as the bearings of steam-engine -shafts, the process is 
similar ; but a cylindrical surface is used in place of the 
planometer. 

The journals of the shaft being accurately turned and 
finished, and the brasses bored out as true as possible, the 
ruddle is rubbed on the journal of the shaft, which is then 
applied to the bearings, which are scraped until they 
become the counterpart of the cylindrical surfaces of the 
journals : they may not be true cylinders, but as there is 
no lateral movement, all that is absolutely necessary is to 
ensure that at every point in the length they are truly 
circular. 

It may be inquired why the turned journal is selected 
as the criterion of accuracy in this case, hence it will be as 
well to explain. 

Generally, speaking of small diameters, any piece of 
work can be ' ore accurately turned than bored, and for 
this reason, the turned work is cut by a tool having no 
neck, and which may be made as rigid as we choose ; 

n 2 
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whereas to bore a piece of work of small diameter, it is 
necessary to ase a side tool having a neck as long as the 
work itself ; hence the liability to spring or chatter, and 
the resnlting inferiority of the work. Again, in turned 
work, the file can be applied to smoothe it while it is run- 
ning in the lathe ; bat this cannot be done with bored work 
with any chance of success, as the file would have to be 
held longitudinally in the work, and by one hand only, so 
that it could not be maintained in a true position ; hence 
it will be seen that tuhied work, as a rule, is more accurate 
than that which is bored by a tool fixed on a rest, though 
if there is room to use a boring bar, there is no reason 
why boring should not be accomplished as well as 
turning. 

In speaking of true work, of course the term must be 
taken with a reservation as meaning as time as it is pos- 
sible to get itf there being no such thing as absolutely true 
work. 

Probably the most accurate fit ever known was that of 
the piston of a steam-engine indicator, made as usual, 
solid, which would not, when dry, admit of being passed 
'nto the corresponding cylinder, although, when lubricated 
with fine oil, it could be introduced therein. 

In making all elements of machinery, regard should be 
had to the direction in which they move, either in bear- 
ings, through eyes, packings on guides, or otherwise, and 
the last tool applied to them should move in the same 
direction as they are intended to, so that, if there be any 
marks, they will be in the line of motion, and not across 
it, which might materially accelerate the wear of the parts. 
In revolving shafts, the last cutting action should be round 
them, in the same direction as the tool acts in the lathe 
hence, if they are filed in the lathe to smoothe the journals, 
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the file should only be moved yerj slowlj laterally, so that 
any marks would be in the form of a screw of such fine 
pitch as practically to represent circles. 

In like manner, in scraping up the bearings for shafts, 
the scraper should not be moved in the direction of the 
length of the bearing, but round* its surface transversely. 

If we consider a piston-rod, the case is different, as its 
ultimate tool-motion through the stuffing-box is longita- 
dinal ; hence, the marks should also be longitudinal ; but 
the rod being turned in a lathe, when it is reduced to its 
proper size the tool-marks will be round its periphery, 
wherefore it is necessary it should be draw-filed. 

The process of draw-filing consists in placing the file 
across the work in the usual manner ; but instead of 
traversing it in the direction of its (the filers) length, it is 
moved laterally, so as to act longitudinally upon the work 
in the lathe, which may be kept slowly revolving in order 
that the work may be equally acted on all over its sur- 
face. 

By this process, while the file f being moved sideways) 
does not make any decided marks upon the work ; yet it 
suffices to remove any circular marks which previously 
existed. 

Not only for piston-rods is this required ; but for plun- 
ger pumps, and more especially for such as are of large 
diameter, in which any circular marks would materially 
afiect the wear of the packing and so produce an unwonted 
leakage, a leakage which becomes of great importance in 
pumps of two and three feet in diameter, and having a 
stroke of eight or ten feet. 

A few words may not here be out of place as to the 
relative uses of point and spring tools for turning. 

The general course adopted for ordinary work is first to 
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turn the rod trne with the point tool, and then to finish it 
with the spring tool, the latter being used with only a 
very light cut. The spring tool, yielding to any hard spot 
in the material instead of forcing through it or tearing it 
out, leayes a cleaner finish than the point tool, although the 
work is not so accurate ; hence, when great truth is re- 
quired, the spring tool should not be used. 
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CHAPTER XI. 



SCREW CUTTING. 

There are three distinct methods used for the production 
of screw : 1st, by means of taps and dies ; 2nd, by chasing 
in a lathe ; and 3rd, by cutting in the lathe with a single- 
pointed tool. 

Screw threads are of two forms, V-shaped and square. 
The former may be produced by any of the three methods 
mentioned above ; but the latter are invariably cut in the 
lathe. 

The square-threaded screw is most exact in its working ; 
but the V-thread is obviously the strongest in propor- 
tion to the length of screw, inasmuch as at the bottom 
of the thread none of the metal is cut away in the 
latter, whereas in the former kind of screw the space be- 
tween the threads being equal to the thickness of the 
thread, it follows that one half of the material is removed 
in cutting the screw. With the V-thread there is, however, 
a tendency to force outwards or burst the nut which does 
not exist in the square-thread, as the working surfaces of 
the latter producing motion in the direction of the length 
or axis of the screw lie at right angles to such axis, and 
therefore produce no lateral wedging action. We will now 



152 SCREW CUTTING. 

inquire into the strength of such screws relatively to the 
strength of the solid cylinder upon which they are cut. 

The strength of the solid cylinder in tension will vary as 
the square of the diameter ; but the strain on the screw 
thread is a shearing force tending to ** strip " the screw ; 
hence there will be some constant relation of length of 
thread to the diameter of the screw, which will in all cases 
give equal strength in the body and the thread. 

We will commence with the V-thread. It is hardly to 
b3 inferred that practically the base of the thread actually 
occupies the whole surface of the cylinder carrying such 
thread, as that would involve the necessity of having an 
exactly true angle, whereas the bottom of the thread is 
always rounded to some extent ; hence it would not be 
prudent to calculate upon more than three-fourths of the 
surface of the cylinder as area to resist shearing strain. 

The strength of the body of the screw to resist tensile 
force may be thus found : — 

Rule (a). — To find the safe working tensile strain on 
the screw ^ multiply the square of the diameter of the screw 
in inches (measured at the bottom of the thread) by 4.. Th^ 
result will be the safe load in tons. 

Let the screw measure two inches in diameter at the 
bottom of the thread. 

2 inches diameter of screw 
2 » j> » 

4 square of ^ 

4 constant 



16 tons safe load. 

To find the shearing surface of the screw in square inches 
we have the following : — 
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IwULB. — To find the shearing area of a Y -thread screw ^ 
multiply tJie diameter (measured at the bottom of the thread) 
in inches by the length of screw in inches and by 2*35. The 
product will be the axea in square inches resisting the shear- 
ing force. 

Let a screw be H inches in diameter at the bottom of 
the thread, and 2 inches in length. 

1*5 inches diameter of screw. 
2 „ length „ 

3 
2*35 constant 



150 
90 
GO 



7*050 square inches of shearing area. 

Allowing four tons per square inch as safe working 
strain, the strength of this screw would be 

7*05 square inches 

4 tons per square inch 



28*20 tons safe load. 

What is required, however, is to have the screw of such 
a length that it may be equally strong with the bolt or 
body ; hence, the diameter being given, the following rule 
will apply : 

EuLB (b), — The diameter of a screw being given, and also 

the load it is proposed to work under, to find the correct 

length of the screw, divide the load in tons by the diameter 

of screw in inches and by 9*d; the quotient will be the 

length in inches. 

II 8 
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Taking the dimensions and load from the first example, 
we thns find the proper length of screw, the diameter 
bsing 2 inches, and the safe load 16 tons. 
Diameter of screw 2)16 tons safe load 

9-4)8'00(0-85 inches (nearly). 
752* 



480 
470 



10 



To find the ratio of length to diameter, the latter must 
be divided by the former. 

•85)2-00(2-35 (nearly). 
170 



300 
255 

450 
425 

~25 

In order to ascertain if this ratio holds in other cases, 
it is desirable to take another size of screw, and work it 
ont by the two roles in like manner ; let the screw be 
three inches in diameter. 

First find the safe load on the body of the screw by 

rule (a). 

3 inches diameter of screw. 

3 » »i 7» 



9 square of „ „ 

4 constant 



36 tons safe load. 
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This gives the necessary data wherefrom to determine 
the length of screw-thread proper for this diameter by 
iiiCans of the second rule (h). 
Diameter of screw 3)36 tons safe load. 

9-4)12-0(l-276 inches (nearly). 
9-4 

260 
188 



720 
658 



620 



56 



From which is found the ratio 



l-276)3-000(2-35 (nearly). 
2552 

4480 
3828 



6520 
6380 



140 
. • • 

Showing that the same ratio between diameter and 

length of screw obtains in each case. It is desirable to 

find now what proportion is this length to the diameter 

of the screw. 

2-35)1000(0'425 (nearly). 
940 

600 
470 

1300 
1175 

125 



t • . 
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From this it will be seen that, to keep equal strength 
in the body of the screw and the thread, the length of the 
screw should be a little less than half the diameter of the 
bolt. 

The common custom in making bolts and nuts is to 
make the depth of the nut, that is, the virtual length of the' 
bolt, equal to the diameter of the bolt, or rather more than 
twice as strong as is necessary ; the object of this is to 
flUow for bad workmanship in the screw-thread; but, 
strictly speaking, bad workmanship should not be suffered, 
for, if it be once admitted as a matter to be taken into 
consideration, then calculations become almost useless ; for 
it is impossible to say how far bad work will vitiate the 
strength of the various details of machinery ; therefore we 
maintain that the work should be carefully and properly 
designed, and good work should be insisted on by the 
superintendiug engineer, and all defective work at once 
and unhesitatingly rejected. Such a course would be 
better, both for the manufacturers and the buyers of ma- 
chinery ; for, with good work, machinery may be made much 
lighter than when allowances have to be made for defective 
manipulation of materials. 

We will now proceed to deal with the square-threaded 
screw, merely, however, observing that we may practically 
in the foregoing case assume 0*5 instead of 0*425 as the 
ratio for the V-thread, as it is simpler and sufficiently 
near for all purposes ; so that, for the V-thread, the 
length of screw or nut should not be less than half the 
diameter of the bolt or body of the screw. 

In the square-threaded screw, one half of the shearing 
surface is cut away in cutting the thread, so we have but 
half of the whole surface of the body of the screw upon 
which to rely to resist the shearing strain brought upon 
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it ; but, in regard to tensile strength, the resistance is the 
same as with the V-threaded screw. 

In order to determine the tensile strength of the body of 
the screws, the rule (a) may be applied. 

Let the screw at the bottom of the thread be 2^ inches 

in diameter. 

2'5 inches diameter of screw. 

2-5 



125 

50 

m 

6'25 square of diameter of screw. 
4 



25*00 tons safe load. 

To find the necessary length of screw, we hare the fol- 
lowing rule :— 

RuLB.— To^wc? the necessary length in inches of a square 
threaded screw to afford equal strength with the body of the 
screw, divide the working load in tons on the screw by its 
diameter in inches, and by 6*3, the quotient will be the 
required length in inches. 

Acting upon the foregoing data, we find as follows : — 

Drain of screw 2*5)25-0(10 

25 





6'3)10-0(l-587 inches (nearly). 
6-3 

370 
315 

550 
504 

460"" 
441^ 

19 
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From these figures the ratio may now be obtained, an«l 
it will be shortest to take the ratio of length to diameter, 
as it will be unnecessary to repeat the test as to the same 
proportions holding good for different sizes, as that being 
true of the V-threaded screw, must also be true of the 
square- threaded screw. The diameter is 2*5 inches, the 
length 1*587 inches. 

2-5)l-5S7(0-634: (nearly). 
1-50 

87 
75 

120" 
100 



20 



Whence we find that the length of the square- threaded 
screw should be a little more than half its diameter, in 
fact, nearly two- thirds, but for simplicity we may call the 
multiplier 0*7. This shows the strength of the V-thread 
to that of the square thread, for equal lengths of screw, to 
be as 7 to 5. 

Having shown the proportions for screws, the next step 
will consist in considering the different modes of pro- 
ducing the threads alluded to at the commencement of the 
chapter. 

The first process mentioned is that in which dies are 
used, and one great objection to this method consists in 
the fact that taps and dies do not entirely cut the thready 
but form it partly by cutting and partly by squeezing the 
thread up as it were, under which circumstances it cannot 
possibly be so strong as a thread left by cutting away the 
material cleanly. 
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In threads made with dies, it may often be observed 
that the top of the thread is not sharp and clearly defined, 
but broken and rongh, the metal haying been squeezed up 
on each side, but not in sufficient quantity to fill the die, 
and make an apparently sound thread. Except for the 
lightest kind of work, we should never use bolts made 
with dies, although nuts may be tapped pretty well, as 
better cutting edges are got on taps than on dies. 

In the process of cutting screws with a chaser, the 
thread is formed by a tool having a number of cutting 
points, the following part of each point being inclined at 
the proper angle to produce a thread of the required pitch. 
The chaser is, in fact, a very thin section of a nut, and to 
produce the internal screw, the chaser is similarly a very 
thin section of a screw. In this method the thread is 
•actually formed by cutting away the superfluous metal, 
and there is no squeezing up, hence screws made with the 
chaser are far superior to those made in dies. 

All bolts for machinery should be cut up in the lathe, 
and this is a point that engineers should insist upon with 
strictness. 

It frequently happens that instead of a bolt and nut 
being used, the bolt is screwed into some part of the cast- 
iron framework, in which case the length of bolt which 
holds on the thread in the cast-iron should be at least 
twice the length as calculated by the rules given in the 
previous part of this chapter, as the resistance to shearing 
afforded by cast-iron is but half of that afforded by wrought 
iron. But threads in cast-iron should always be avoided 
if possible, and it is much better to secure pins that have 
to be fast in the framing by means of cotters where they 
can be got in, the cotters passing through a slot hole made 
through the bolt and the framing. 
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We must now consider the manipulations connected 
with screw cutting proper, that is, with the single pointed 
tool in the lathe, the travel of the tool to produce the 
required pitch being obtained by means of self-acting feed 
apparatus on the screw-cutting lathe. 

The screw-cutting lathe is furnished with a slide-rest, 
capable of being traversed along its bed by means of a 
screw gearing into a nut underneath the rest, this nut 
beiog made in two halves so hinged as to admit of being 
opened, so as to release the screw whenever it is desired to 
throw it out of gear to wind the slide back to take a fresh 
cut, &c. 

The screw by which the slide rest is worked is called 
the leading screw, and it should be of the most perfect 
workmanship, as any irregularities in its construction will 
be reproduced in all screws cut in the lathe of which it 
forms a part, being of course magnified in screws of quicker 
pitch. 

The pitch of a screw is the distance measured parallel to 
the axis of the screw from the centre of the thread to the 
centre of the next turn of the same thread. The word 
same is italicised in order to prevent mistakes in mea- 
suring double or triple threaded screws which are used in 
quick threaded screws, in order to obtain sufficient strength 
without excessive depth of thread. 

The mode in which this extra strength for a given 
amount of material is obtained by increasing the number 
of threads, is simply as follows : Let there be a screw 
having such work to do that the thread, if single, would 
require to be three-quarters of an inch square in order to 
give the requisite bearing and shearing area for one 
revolution ; the bearing area will be equal to the circum- 
ference of the screw multiplied by three-quarters of an inch, 
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and the shearing area will be also equal to the same, the 
sectional area of the thread will be 

•75 inches side of thread 
•75 „ width „ 



375 
525 



'5625 square inches. 

If, however, this thread be replaced by three threads, 
each one quarter of an inch square, we shall find the same 
bearing and shearing area in the three small threads as in 
the one large one, for the total area will be equal to the 
circumference of the screw multiplied by a quarter of an 
inch, and by three (which is equivalent to multiplying the 
circumference at uace by three quarters of an inch), and 
the following calculation will show the sum of the sectional 
areas of the three threads. 

'25 inches side of thread 
•25 „ width ,, 



125 

50 



•0625 

3 threads 



•1875 square inches. 

Thus, by dividing the thread into three, the same strength 
is obtained with only one-third the sectional area, and, 
therefore, one-third the weight of metal in the thread. If 
the screw were divided into four, one-fourth of the sectional 
area would be required, and so forth. 

In the lathe the leading screw is driven by means of 
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spur wheels, the first being on the back end of the lathe 
mandril, and the last on the leading screw shaft, the neces- 
earj wheels being interposed to obtain the transmission of 
motion for the different ratios of speed between the mandril 
and leading screw. The centres of bolts being fixed will of 
course only admit of being geared direct, while the sum of the 
radii of the two spur wheels is equal to the distance between 
those centres, hence it becomes necessary in most cases to 
interpose a neutral or idle wheel, which transmits motion 
from one wheel to the other, but does not affect the speed. 
These wheels which are made in sets and supplied with the 
lathe are called change wheels, and should be of very ac- 
curate construction and machine cut. 

We will now find a rule whereby the proportions of the 
change wheels for the various sizes of screws may be deter- 
mined for any particular lathe. 

Assuming the leading screw to be three-quarters of an 
inch pitch, each revolution will move the slide rest forward 
three-quarters of an inch ; hence, if it be desired to turn a 
screw three-quarters pitch, the spur wheels on the mandril 
and leading screw should be of equal diameter, the 
diameters of the leading screw and the screw being cut in 
no way affect the calculation, and therefore need no con- 
sideration when determining the sizes of the change 
wheels. 

As one revolution of the screw travels the slide three- 
quarters of an inch, it follows that with the above arrange- 
ment of wheels the screw being cut would be three-quarters 
pitch, whatever the diameter is, as one revolution of the 
screw blank in the lathe will in any case be accompanied by 
three-quarters of an inch travel of the tool. We explain 
this at large in order to prevent any confusion arising in 
the minds of those who are not accustomed to the use of 
the screw-cutting lathe. 
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If witli the three-quarter pitch leading screw it is rc- 
qaired to cat a screw of three-eighths of an inch pitch, it 
is evident the leading screw must make half a reyolution 
to one reyolution of the mandril, so as to traverse the slide 
three-eighths of an inch to each revolution of the screw 
blank ; therefore the diameter of the change wheel on the 
mandril shaft must be half the diameter of that on the 
leading screw. 

Again, if the pitch of the screw to be turned be one and 
a half inches, then the leading screw must make two revo- 
lutions for each revolution of the mandril, so that at each 
revolution of the mandril the tool travels one and a half 
inches ; therefore, in this case, the diameter of the wheel 
on the mandril must be twice that of the wheel on the 
leading screw. 

The following rules will serve to determine the propor- 
tions and sizes of the change wheels, the pitch of the lead- 
ing screw, and that of the required screw being known, 
and also the diameters of change wheels available : — 

RuLB. — To find the ratio of the diameter (or number oj 
teeth) of the mandril wheel to that of the leading screw 
ivheelf divide the pitch in inches of the required screw by the 
pitch in inches of the leading screw of the latter. 

Let it be required to cut a screw of 1| inches pitch, the 
leading screw being J inch pitch. 

Pitch of required scre^ar. 

Pitch of leading screw •75)l-75(2-33 

150 

250 
225 
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Bulb. — The pitches in inches of the leading and required 
screws being given, also the number oj teeth in the change 
wheel on the leading screw ; to find the required number of 
teeth in the mandril wheel, multiply the number of teeth in 
the leading screw wheel by the pitch of the required screw ^ 
and divide the product by the pitch of the leading screw. 

Let the pitch of the leading screw be 1^ inch, and 
that of the required screw | inch, the number of teeth in 
the wheel on the leading screw being 40, the required num- 
ber in the mandril will be thus found. 

40 teeth in leading screw wheel 
•75 inches pitch of required screw 



200 
280 



Leadingscrew pitch 1-25)30-00(24 teeth in mandril wheel. 

250 



500 
500 



To determine the leading screw wheel the following rule 
may be used. 

Rule. — The pitches of the leading and required screws in 
inches being given, also the number of teeth in the mandril 
wheel, the requisite number of teeth in the leading screw- 
wheel may be found by multiplying the number of teeth in 
the mandril wheel by the pitch of the leading screw, and 
dividing the product by the pitch of the required screw. 

Let the pitch of the leading screw be 1| inches, and 
that of the requisite screw If inches, the mandril wheel 
having 26 teeth. 
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26 teeth in mandril wheel 
1*25 inches, pitch of leading 

130 ^^^^^ 

52 
£6 



Pitch of reqd. screw l-625)32-500(20 teeth in leading screw 

3250 wheel. 



The easiest practical way to get at the sizes of the 
change wheels is hy taking the ratio, and then seeing 
what change wheels are at hand to nse, thus ; let the 
pitches of the leading and required screws be respectively 
11 inches and 1| inches ; the ratio is thus fonnd. 

l-25)l-75(l-4 
125 



500 
500 



In this case the ratio is as 1*4 to 1, or as 14 to 10, so 
the proportion of the numbers of teeth in the mandril and 
leading screw wheels must be as 14 to 10; for instance, 
28 teeth in one wheel, and 20 teeth in the other ; and the 
largest wheel goes on the shaft with the greatest pitch 
that is on the leading screw, if its pitch is greater than 
that of the required screw, and vice versd. 

Sometimes exceptionally quick pitches have to be cut ; 
as, for instance, we once had to make a screw one foot in 
diameter, and seven feet pitch. Under such conditions 
there were no change wheels which would get up the speed 
enough ; hence recourse was had to another expedient : a 
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screw was cut of the quickest pitch of which the lathe was 
capable, taming oat accurate work ; this screw was then 
put in as leading screw, and another quicker screw cut 
from that, which in its turn was used as leading screw to 
execute the job required. 

In this case the cutting tool had to be turned on its 
side, the " feed *' travel being so much faster than the rate 
of revolution of the work, that the cut had to be taken 
longitudinally instead of circumferentially. 

Previous to adopting this course, an attempt was made 
to cut the spiral groove on a planing machine by means of 
a barrel, having a spiral feather on it as a guide ; but that 
arrangement proved an utter failure, the groove being 
very much out of truth ; but when cut in the lathe, the 
work gave every satisfaction. 

Before taking leave of screw cutting it is necessary to 
consider the construction of tangent screws, both as to 
strength and manufacture, as they differ in their conditions 
materially from ordinary screws working in a whole nut, 
and the strain of the tangent screw, as a rule, falls upon 
one side of it only. 

It may also be observed that tangent screws are very 
frequently used for purposes where they are subjected to 
very heavy strains. 

When a tangent screw and worm wheel work in gear 
together, there is generally one quarter of the circum- 
ference of the screw in action, and two turns of the 
thread, that is to say, we may rely upon two teeth of the 
worm wheel being fairly in action at one time; but except 
when the wheel is of great diameter, it is not fair to 
calculate upon more than two teeth at a time. 

It will be found in designing a tangent screw there will 
in every case be a certain diameter, below which it must 
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not be redaced in order to retain the material necessary 
^for resisting the strain to which it is subject. 

The thickness of the thread of the worm will be equal 
to the pitch multiplied by 0*45, which will allow for 
clearanop, and allowing four tons per sectional square 
inch as safe shearing strain for a wrought iron screw, the 
diameter of the screw at the bottom of the thread may be 
found as follows : — 

EoLB. — To find the diameter in inches of a wrought iron 
tangent screw at the bottom of the thread, multiply the 
strain in tons which it will he required to sustain hy 0*35, 
and divide the product hy the pitch of the screw in inches ; 
the quotient will he the required diameter in inches. 

Let the thrust on a tangent screw be 12 tons, the pitch 
of the screw being IJ inches, the proper diameter will be 
found as follows : 

12 tons strain on screw 
•35 constant 

~m 

3G 



Pitch of screw l-5)4-2()(2-8 nchcs diameter, 

30 



120 
1-20 



This is supposing the work to be exact and the teeth 
properly set out, but it may happen that all the strain 
comes upon one thread, in which case the following rule 
should be used : — 

Rule. — To find the diameter in inches of a wrought iron 
tangent screw at the bottom of the thread, multiply the 
strain upon it in tons by -7, and divide the product by the 
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pitch of the screw in inches, the quotient will he the 
required diameter in inches. 

Let the strain on a tangent screw be 24 tons, and the 
pitch of the screw 2 inches. 

24 tons strain on screw 
*7 constant 

Pitch of screw 2)16 8 



8*4 inches least diameter of screw. 

This lost is a safe practical rule, and the one we asnally 
rely upon. 

There is, however, another matter connected with 
tangent screws to be considered which has reference to the 
size of the screw shaft necessary to resist the torsion pro- 
duced in the transmission of power through it, for of 
course the least diameter of the screw cannot be less than 
the diameter of the screw shaft. 

To find the moment of torsion on the shaft, we must 
multiply the thrust on the screw by its pitch, and divide 
by its circumference, and then multiply by the radius of 
the screw; but it is generally more conveniently arrived at 
by calculating the torsion from the force transmitted to 
the screw shaft at the opposite end to that at which it is 
given oflf by the screw. 

If the force applied to the screw shaft be known, and 
also the distance in inches from the centre of the shaft at 
which it acts, the safe working diameter of the shaft may 
be found from the following rule : — 

Rule.— 5^0 find the diameter in inches of a wrought 
iron shaft to work under a given strain in lbs,, acting 
at a known distance from the centre in inches, multiply 
the weight in lbs, by the distance in inches, divide the 
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product hy 3000, and extract the cube root of the quotient^ 
which will give the diameter in inches of the shaft. 

Let a shaft be subject to torsional strain equal to 
1720 lbs., acting at a distance of ten inches from the 
centre ; as for instancCi would be the case if the force 
were transmitted to a spur wheel on the shaft 20 inches 
in diameter on the pitch line. 

From these data the proper working diameter of the 
shaft can be determined from the foregoing rule-* 

1720 lbs. force 
10 inches distance from centre 



8,000)17,200 



5-73 



The cube root of 573 is 1*79, therefore the shaft should 
bo about two inches in diameter practically. 
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CHAPTER Xn. 



MISCELLANEOUS. 

Undeb this chapter we purpose making some general 
observations on certain points which could not conveniently 
be treated in the previous chapters. In the bulk of the 
present work we have purposely avoided entering upon 
general principles, the object being to treat of details, but 
there are some few mechanical laws that it seems desirable 
here to refer to in order to simplify modifications of 
details, which might otherwise appear to alter the principle 
of a machine in cases where there is but an alteration of 
form. 

One general law of mechanics, applicable to every 
machine which alters the intensity of force (that is, which, 
receiving the impression of one force, impresses in its 
action a force of different intensity), is, that the forces 
acting at the opposite ends of the machine vary inversely 
as the velocities with which they act. 

We must, in order to illustrate this law, consider the 
strict meanings of the terms force, work, and power. 
These terms, or at least one of them (power), are constantly 
misapplied; the expression a powerful levei*^ has literally 
no meaning, scientifically speaking, for a lever can only 
give off the same power as is impaired to it, although it 
acts with increased ybrce ox pressure. 
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A force or pressure may act in eguiUhno without pro- 
ducing any motion, in which case it is simply described as 
force. 

Thus, a weight resting on the ground is exerting a 
certain pressure upon such ground; but the elastic 
resistance of the ground upwards counterbalances the 
pressure of the weight downwards, and the result is that 
the force is acting, but at rest« If the weight or the elastic 
resistance of the ground preponderated, there would be 
motion, as one force would overcome the other, hence we 
find the law of statics : 

In order to preserve equilibrium between two forces^ the 
action and reaction must be equal and opposite* 

That is to say, the two forces must be equal in intensity 
and opposite to each other in direction. 

If a force act with a certain intensity, and produces 
motion (such as a looomotiye engine drawing a train), then 
work is said to be done, the amount of work being found 
by multiplying the intensity of the force by the distance 
through which it passes. 

Let a weight weighing 53 lbs. be raised 28^ feet — 

28*5 feet distance through which force acts 
53 lbs. weight or intensity of force 



855 
1425 

1510-5 foot lbs. of work done. 

The term power refers to work done in a given time; 

thus, if one steam engine will lift twice what another will 

in the same time^ the former is twice as powerful as the 

latter. The standard horse-power is equal to 33,000 foot 

lbs. per minute. 

I 2 
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Whether 10 lbs. be raised 50 feet, or 50 lbs. be raised 
10 feet, the amoant of work done is the same, thus : — 

10 lbs. weight 50 lbs. weight 

50 feet distance 10 feet distance 

500 foot lbs. 500* foot lbs. 

Now in this rests the principle upon which the lever and 
all machines for modifying force depend* 

If a common lever be hinged on a fulcrum so that one 
end is twice as long as the other, a weight of one lb. on 
the long end will balance a weight of two lbs. on the short 
end ; but it will be found that if the lever be set in motion, 
the end furthest from the centre will travel twice as far as 
the short end in a given time, for the length of the arc 
described by any point in the lever is directly as the dis- 
tance of such point from the fulcrum. Thus we see the 
one lb. would pass through two feet while the two lb. 
passes through one foot, the amount of work done being 
two foot lbs. at each end of the lever ; so that no power is 
gained, for as much is lost in speed as is gained in 
pressure; and the same obtains in all machinery. 

This is a mechanical maxim which it would be well for 
perpetual motion inventors to consider : that force cannot 
be increased without loss of velocity ; and it may con- 
fidently be asserted that no one who thoroughly understands 
the first simple principles of mechanics, would for a 
moment entertain the notion of a perpetual motion 
machine. 

We shall now give a few general rules for solving 
ordinary questions that arise in mechanics. 

The velocity acquired by a falling body in the first 
second of its fall is 82*2 feet, and it falls through 16*1 feet, 
being the average velocity during the first second, as the 
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velocity is when the fall commeDces. Hence we find the 
ayerage^- 

velocity at beginning of fall 
82*2 y, first second 

1 6*1 ayerage yelocity or distance passed through. 

During the second second of the fall the body passes 
through 32*2 feet by virtue of the yelocity already 
acquired, and through 16*1 feet by the action of gravity 
during the second second, at the end of which it has fallen 
through 48*3 feet, and has acquired a yelocity of 64*4 
feet per second. 

The following rules will suffice to calculate the time of 
fall, &c., of heavy bodies. 

HvhE.-^'To find the height through which a body will fall 
in feet in a given time, multiply the square of the time in 
seconds ^^16*1. 

Let it be required to ascertain how far a body will fall 
lu thirteen seconds. 

13 seconds time of fall 
13 if „ „ 

39 
13 



169 square of time 
16*1 



169 
1014 
169 

2720*9 feet height of fall. 
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Rule. — To find the velocity m feet per second acquired 
by a body in a given time, multiply the time in seconds 
by 32-2. 

Taking the abore case where the duration of the fall is 
thirteen seconds, we find — 

32-2 
13 seconds time of fall 



966 
322 



418*6 feet per second velocity. 

If a body falls throngh a distance, there is evidently 
work developed ; thns, if a weight of 20 lbs. falls 15 feet, 
the work developed will be 

15 feet fall 
20 lbs. weight 

300 foot lbs. of work. 

If the weight be resisted so that it falls at an uniform 
rate, then this work will be expended daring the falling of 
the weight ; but if on the other hand the weight fall freely, 
the work will be accumulated within it, and be expended 
on the first obstruction it meets with. The amount of 
accumulated work in anybody may be calculated from the 
velocity at which it is moving, by the following rule : 

Rule. — To find the amount of accumulated work in 
any body in foot lbs,f multiply the weight of the body in 
lbs, by the square of its velocity in feet per second, and 
divide the product by 64*4. 

Let a train weighing 90 tons be moving at a speed of 
40 miles per hour. In the first place, the tons must be 
reduced to lbs. by multiplying by 2240, and the miles per 
hour to feet per second by multiplying by 1*466. 
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2240 lbs. per ton 

90 tons, weight of train 



201600 lbs , weight of train. 

1*466 constant 
40 miles per hour 



58-640 feet per second velocity. 

The accamnlated work in snch train can now be foond, 

first finding the square of the velocity per second. 

58*64 feet per second velocity. 
58-64 



If if w 

23456 
35184 
46912 
29320 

8438-6496 square of velocity 
201600 lbs. weight of train 

20631897600 
84386496 
687729920 

64-4)693231759-3600(10764468 foot lbs. 
644 

4923 
4508 

4151 

8864 

2877 
2576 

"3015 
2576 

4399 
8864 

5353 
5152 

201 
• . • 
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In such a train, moving at 40 miles per hoar, there 
would be accamnlated work to the amount of 10,764,468 
foot lbs. ; hence, in the case of a collision, there would be 
an enormous amount of work to be expended through a 
short distance. Assume the train to come into collision 
with some obstruction which brings it to a stand in 100 
feet, then the average pressure against such obstruction 
would be 

100)10764468ft. lbs. 
107644 lbs. 

Which is equal to something more than 48 tons pressure. 

From this it is easy to account for the disastrous effects 
of railway collisions. 

Any body set in motion has a tendency to continue 
moving in a straight line, unless some extraneous force ia 
brought to bear upon it in order to force it out of such 
straight line. Suppose a body in motion to be kept 
moving round a centre, it will have a tendency to 
leave that centre, and keep its original direction, and the 
force with which it tends to leave the centre, about which 
it is constrained to move, is termed the centrifagal force 
of the body. 

The centrifagal force of a body may be calculated from 
the following rule: — 

Rule. — To find the cenirifagal force of a hody^ multiply 
its weight in lbs, by the square of its velocity in feet per 
second, divide the product by the radius in feet of the circle 
in which it moveSj and by 32 '2. 

Let a body weighing 124 lbs. be moving at a velocity of 
11^ feet per second round a centre distant 19 feet from 
its centre of gravity. 
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11-5 feet per second Telocity 

11*5 91 if 91 



576 
115 
115 



132'25 square of velocity 
124 lbs. weight 

52900 
26450 
13225 



Radius in feet 19)16399-00(863 first quotient. 

152 



119 
114 



50 
57 



The first quotient has now to tiC divided by 32*2. 

82-2)8630(26-8 lbs. centrifugal force. 
644 



2190 
1932 

2580 
2576 



This centrifugal force has a tendency to throw a train 
of railway carriages off the track when passing round a 
curve, and to obviate this the outer rail is elevated above 

I 3 
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the leyel of the inner rail, so as to gire the carriages an 
inclination to slide inwards as it were on an inclined plane, 
and so counteract the effect, the centrifugal force tending 
to throw the train outwards. 

BuLE. — To find the super -elevation of the outer rail in 
inchesj multiply the gauge in feet by the square of the 
velocity of the train in miles per hour^ and divide the 
product by the radius of the curve in chains j and by 397 '5. 

Let the gauge be 5^ feet, speed 50 miles per hour, and 
radius of curre 20 chains. 

50 miles per hour Telocity 
50 



J) » »i 



Radius of curve 20)2500 square of velocity 

d97*5)125'O0('314 inches super-elevation. 
11925 

5750 
3975 



17750 
15900 

1850 
• • • • 



In some cases, where much conicality is given to the 
tyres of the wheels, that is partially relied upon to assist 
in overcoming the tendency of the train to be thrown off 
the metals ; but we are of opinion that this should not be 
done, as, in point of fact, the flange of the wheel should 
not be in contact with the rail, as its rubbing against the 
latter must necessarily cause a great deal of friction, 
which might otherwise be obviated. 
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CHAPTER XIII. 



FIXED JOINTS. 

Under the head of fixed joints are included framing 
joints, and also all others which do not allow of motion 
between the parts joined. We will, in the first place, deal 
with framing joints. 

In designing the framework of a machine of any 
description we have to pay particular attention to the 
vibrations and strain to which it will be subjected ; the 
first joint is that which connects the framing with its 
foundation. A machine may be so arranged as to stand 
steadily without any foundation ; or its duties may be 
such as to require anchorage. As an instance of the 
latter take an ordinary Beam Engine ; here in the down 
stroke, the steam pressing on the top of the piston will 
with equal force press on the top cover of the steam 
cylinder, so tending to lift the cylinder bodily from the 
ground. This lifting action must be resisted by weight in 
the foundations and that of the cylinder itself. 

Lei the piston be 80 inches in diameter, its area will 
be 5026*5 square inches ; and if the steam works with an 
initial pressure of 50 lbs. per square inch, the total lifting 
effort is 251,325 lbs., which would be equivalent to 
2,234 cubic feet of brickwork, or 1,470 cubic feet of lime- 
stone. Even with the most massive foundations there 
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mnst be vibration at every stroke, for as the ground 
beneath the *' cylinder load *' is compressed by the weight 
above it, so it will rise as the weight is partially taken ofif 
it, and be compressed again when the lifting action ceases, 
and thus a tremor is maintained daring the action of the 
engine. 

In all cases where it can conveniently be done the 
framework should be made to take up all the strains, when 
a more general steadiness may be relied npon. In cases, 
however, where pulls do come npon the foundations, 
holding-down bolts secured through anchor plates must 
be used,' the anchor plates being sufficiently large to lift 
the load without its breaking. The constant alternation of 
strain and no strain will keep the metallic molecules of 
these bolts in motion internally, and tend to a flowing of 
them amongst themselves, and therefore to a permanent 
lengthening or loosening of the bolts. This may be taken 
up by tightening the top nuts from time to time ; but in 
order to reduce it to a minimum the working strain on 
the bolts should be kept well within the limits of elasticity 
of the material forming the bolts ; for good wrought iron 
the limit is 17,800 lbs. per sectional square inch ; but the 
maximum working stress should not exceed 9,000 lbs. 
per square inch of sectional area. Taking the above 
example, and allowing, in addition to the weight of the 
cylinder and covers, 25 per cent, margin, 2,791 cubic feet 
of brickwork would be required. The actual pull on the 
holding-down bolts is 251,825 lbs. (omitting the weight 
of the cylinder, which is in favour of the bolts), hence the 
gross area of the bolts must be 

9,000) 251,825 lbs. 

27*925 square inches. 
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Fig. 23. 



If bolts 2 inches in diameter be used, there will be 
8,141 sqnare inches area in each, so that in practice 10 
snch bolts would be used. Assuming the cylinder load to 
be 12 feet square, it would require to be nearly 20 feet 
deep, and through this depth the holding-down bolts must 
pass. 

The anchor plate at the bottom in this case should be 
made up so as to form one plate, stiffened by ribs on the 
under side. 

The plate and bolts are put down, and the brickwork 
built up around the latter, sufficient clearance being 
allowed to enable the bolts to 
be passed through the holes 
provided for them in the base 
plate of the cylinder. We pre- 
fer cottering the lower ends 
of the bolts to screwing them, 
and using nuts, the cotter 
end of the bolt being made a 
large square, as shown in 
Fig. 28. A and B show a 
side and an end view as regards 
the cotter d. c c is a washer 
plate, upon which the cotter 
bears, pressing it upwards 
against the anchor plate ; the 
length e should be at least one 

and a half diameters of the holding-down bolt ; the thick- 
nesses// each three-quarters of the same diameter ; and 
the cotter one diameter thick, and one and a half diameters 
wide.. A steady pin h may be used to secure the cotter 
in its place. 

In screwing down the nuts on the holding-down bolts. 
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PIX£D JOINTS. 



Kg. 21. 



they should be Eiafficiently tightened to give them a good 
steady hold, and no more, for all the Btrain thus pat 
npon them is in addition to that legitimately falling on 
them. 

It is a very common blonder among mechanic's 

labonrera to screw bolts and nnts onnecessarily tight, thus 

ondnly stnuning them, and wringing the screw threads. . 

We will now pass on to joints in the frandng itself, 

fiiBt taking those which connect together the varions parts 

of the frame. Where a joint has 

a tendency to wriggle, as in the 

comers of machines containing 

complicated mavements, the bolts 

are not to be relied npon to resist 

snch wriggling, which, of conrse, 

woald tend to cnt them, and, in 

the course of time, would groove 

them, and so make the machine 

shaky. The joints themselves 

must be made to Jit together, 

suitable recesses and protrosions 

being formed on the different 

I parts, and the only duty left upon 

I the bolts being that of holding 

those parts in close contact ; sach 

a joint is shown in Fig. 2i. 

A and B are vertical and hori- 
zontal sections ; in both the 
main irame is shown in section at the joint c, e d is 
a bracket npon which the strain is snpposed to act down- 
wards npon the end d, so as to bring a twisting action on 
the stem «, as well as a bending stress ; both the twisting 
and bending strains are resisted by the tongue/, which 
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Fig. 26. 
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fits accurately in a slot or cavity in the frame castiog, up 
to which the bracket is steadied by the bolts and nuts a a. 

When one piece of framing meets another in a simple 
manner, such as an 'A' frame upon a bed plate, the 
surfaces of contact, if 
small, are planed all 
over, but if they be ex- 
tensive, certain raised 
parts only are planed, 
as shown in Fig. 25. 
A shows an elevation 
of the joints with plan- 
ing strips a aaaa, on 
the lower element, up- 
on which rest others, 
bbbbby upon the upper 
elements. These strips 
should be* trued in the planing machine, but when that 
cannot be done they must be chipped true. B is a plan of 
the lower element with the fillets aaa a a on its upper 
surface. 

The use of studs frequently occurs in machinery, but 
where they have to trust to cast-iron threads for their 
security they are not reliable under heavy strains, as 
cast iron, being of a pulverulent character, is unsuited for 
the formation of screw threads, the material of which 
should be fibrous and tough. 

However slight the vibration in a machine, it must be 
remembered that there is vibreUion, and that it is acting 
by continual effort to loosen, in some way, the joints, 
therefore the arrangements must be made with a view to 
retard such loosening. In Fig. 26 are shown two methods 
of connecting a side frame with a bed plate, that at A 
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being inferior to that shown at B. The vibration being 
lateral in the direction indicated by the arrows, it is 
evident that the bolt c will be liable to a wringing action. 

Fig. 26. 
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a bending backwards and forwards, whereas, with the two 
bolts d dy there will be only exerted a pulling strain upon 
each bolt alternately. 

We have given rules for proportioning keys in shafts at 
page 89, et seq.y but some more general remarks are here 
called for in relation to the connection of revolving and 
oscillating elements with their shafts. 

It is evident that oscillating arms, &c., will tend more 
lo dislocate their joints than those that continue to revolve 
in one direction, for in the latter case the strains estab- 
lished at starting are, in character, if not exactly in 
intensity, maintained unchanged until the machine is 
stopped, but an oscillating member is constantly changiog 
the nature of the strain upon its connections and so tend- 
ing to wriggle them loose. 

The double key shown at A Fig. 27, will certainly have 
less tendency to burst the boss than will the square on 
the arbor shown at B. The former is best for the boss, 
the latter for the shaft. :' 

Proceeding with the case of the square, rupture of the 
boss will occur along a line c d, running from one corner 
of the square, radially or nearly so, to the periphery of 
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the boss. Now if the material were perfectly uniform in 
texture, or homogeneous as it is commonly called, and the 
workmanship perfectly true, the boss should simultane- 
ously break at all four comers ; but practically this will 
not obtain ; the weakest corner will first give way, and so 
the boss will be destroyed in detail, therefore each corner 
should be made of a strength determined upon this 
supposition. The breaking force acts to tear apart the 
section c i of metal, the force upon that section being 
equal to the force acting at the end of the arm or radius of 
the wheel to which the boss belongs, multiplied by that 

Fig. 27. 





radius divided by the line ^/, which is the distance from 
the centre of the arm or wheel to the centre of the sec- 
tion c d. For instance, let the arm or radius be 8 feet, the 
force acting at the end of it and at right angles to its 
length two tons, the distance e/Q inches (the shaft being 
4 inches in diameter and the boss 2 inches thick). Three 
feet are 36 inches, hence we haye — 

86 inches 
2 tons 



3)72 



24 tons tension on section c d. 
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If, then, we take 8 tons per square inch as a safe 
working strain, we shall require 8 square inches, so that 
the width of the boss should be 4 inches. These figures 
are given for wrought iron. For cast iron the tensile 
strain should not exceed one ton* 
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HEVOLVING AND OSCILLATING JOINTS. 

Bevolying and oscillating joints may be t3rpified by two 
well-known examples — ^tbe former by the connection of 
the connecting-rod of an ordinary horizontal steam engine 
with the crank pin through which it drives the crank, and 
thereby the main shaft ; the latter by the connection in 
the same class of engine of the piston rod head with the 
connecting-rod. For it will be observed that the crank 
pin revolves within the bearings of one end of the con- 
necting-rod referred to, and the other end of the same 
connecting-rod oscillates upon a dead centre firmly at- 
tached to the head of the piston rod. 

We will take another example, that of the oscillating 
engine so commonly used in small steam vessels. In this 
class of engine there is no connecting-rod, the head of the 
piston rod working immediately upon the crank pin, while 
the oscillating joint is illustrated by the movement of the 
trnnnions of the oscillating cylinder within their bearings. 

In designing the bearings within which the pins and 
shafts revolve or oscillate, it is necessary to have regard 
to the directions of the strain npon such bearings. Be- 
ferring to Fig. 28, c represents in section a crank pin 
working in brass bearings dd, aa being the cap and b b 
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the head of the piston rod; it will be observed that between 
tlie bearings d d and the elemeuts a a and bb& space is 
allowed in order that wear ma^ be compensated by 
tightening np the bolts e e. Asaaming the strtuns to act 
in the direction indi- 
'*■ ■ cated by the arrow F, 

it is evidenfi that 
this arrangement will 
answer tiie designer's 
purpose ; bat if the 
strains are in the 
direction indicated by 
the arrow G,the com- 
pensating arrange- 
ment wonld be ineffi- 
cient, OS the wear 
npon the bearings d d wonld be horizontal, and therefore 
conld not be taken np by the vertical action of the bolts e e. 
Assiuning the dotted line //to represent a piston rod or 
any Bimilor element, the construction here shown is 
correct. 

We will now proceed to show how to determine the 
dimensions of the varions parts of this joint, regarding it 
as a revolving joint, c being a crank pin, and the lines// 
aa representing the piston rod. 

KuLE. — To find ths dtameter of the crank pin, assuming 
it to be of wrought iron, divide the maximum force in 
pounds, acting in the direction F, In/ 5280, and take the 
square root of the quotient ; the result will give tlie diameter 
of the crank pin in inches. 

This does not apply to any especial cose, bnt is a general 
rule for such joints, whether the pin c is carried on a 
crank making a complete revolation or on one working a 
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rocking shaft. The crank pin is assnmed to be carried on 
one crank. If it drives a pair of cranks, the factor 5280 
mast be replaced by 10560. 

To illustrate this rule, we will assume a case in which 
the force acting in the direction F is 14,000 lbs. ; then — 

Foi'ce, 

5280)14000(2-651 
10560 



84400 
81680 

27200 
26400 



8000 
5280 

2720 



We now extract the square root of 2*651 :— 



• • • 



1)2*6510(1*628 inches diameter, 
1 



2*6) 165 
156 



8*22) 910 
644 



8-248) 26600 
25984 



616 



. • • 

g 1 -— 
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Thns we find the diameter for the pin carried by a 
single crank to be 1*628 inches, the force to which it is 
subject being 14,000 lbs. 

This one illustration of the role will be sufficient to 
illustrate its working. 

We will now determine the necessary diameter of the 
bolts. As the shearing strength of wrought iron is practi- 
cally equal to its tensile strength, and the strain upon the 
crank pin e is one tending to shear it through, while the 
strain upon the bolts is tensile, the sum of the areas of 
the bolts must be equal to the area of the crank pin if on 
a single crank, or to twice its area if the crank pin be 
carried by double cranks ; hence we have the following 
rule. 

Rule. — To find the diameter of each bolt divide the 
diameter of the ci*arik pin on a tingU ci'ank by the square 
root of the number of bolts. 

Following the same example we have, assuming 2 bolts, 
to divide 1*628 inches by the square root of 2, which is 
1*414, as follows : — 

1*414)1*628(1*161 inches. 
1*414 



2140 
1414 

~7260 
7070 



1900 
1414 

"486 



which will be the requisite diameter for each bolt. 
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Of coarse it mast be borne in mind that these decimal 
numbers cannot in most cases be exactly worked to, bat 
in no case shoald a bolt less in diameter than that calcu- 
lated be used. Some, in their inexperience, might fall 
into the error of adopting bolts of the size nearest to the 
calculated dimensions, whereas they should adopt the 
nearest size above the calculated dimensions ; for instance, 
in the present case we should adopt bolts 1-^ inch diameter. 

Where the crank pin is carried on a double crank, twice 
the number of bolts given by the above rule must be used. 

In these moving joints the very greatest care should be 
used to insure the correct proportioning of the bolts as to 
their heads and nuts, and also as to their fitting into the 
holes bored in the elements a a and b b, Fig. 28. We use 
the term bored advisedly, as if the hole is drilled the 
drill used should be such as will produce a truly cylin- 
drical hole, and not one of those (of which, unfortunately, 
there are too many) which straggle through the metal, 
much as an earthworm may do through the ground. 

In proportioning the bolts for moving joints, the nuts 
should in height be at least one diameter for the best ma- 
terial, but it is preferable to make them 1^ diameters, 
unless a ** lock nut " be used, that is a thinner nut on the 
same bolt, the height of the two being one and a half 
diameters of the bolt. The advantage of using two nuts 
is that one may serve to slightly jam the other upon the 
thread, and so reduce the tendency to working loose. The 
heads of the bolts should in height be equal to one diame- 
ter of the bolt. 

For the thickness of the bearings d d we can give no 
definite rule, that which is requisite depending entirely 
upon the quality of material used and the lubricants 
available. 
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In small mEtchinery particnlar attention sboold be given 
to Bnch revolving or oscillatdng joints as those which con- 
sist of an eye iivorking upon a pin or " dead centre," as 
shown at Fig. 29. At 
Fig. 29- A is shown the end o( 

a bar a, rocking upon 
a dead centre e, wUch 
13 accurately turned to 
fit the eye b ; the dead 
centre e is shown witli 
the nnta removed. 

At B ie shown a verti- 
cal section of a similar 
joint, the letters corre- 
sponding to those at A, 
except the additional 
parts illnstrated. It 
will be seen in this sec- 
tion (B) that the dead 
centre is in the form of 
a stad, being seenred to 
the frame-work g by 
the nut e, ^Juct 
tightens np the collar c ag^nat the other side of the 
frame. 

In this arrangement's conical collar h k, is fitted upon 
the dead centre, and npon this collar the rocking arm 
works, and snch wear as occnrs can be compensated by, 
tightening the nnt/ on the end d of the dead centre, and 
securing it by the lock-nnt t. In this case the nse of the 
lock-nnt is to «llow the connection to be steady, withont 
jamming np the working parte — an important matter in 
respect to wear and depreciation of machinery. 
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CHAPTER XV. 



GUIDES FOE SLIDING ELEMENTS OF MACHINERY. 

The vibration caused by the action of all descriptions 
of machinery is, in most instances, due to insufficient 
strength in those guides to which this chapter applies* 

It is almost impossible to give set rules for the sizes of 
such guides, as the tendency to vibration varies so much 
under causes that can scarcely be predicated. 

We must in such cases be therefore guided ourselves 
by the practical experience we have acquired, remember- 
ing the advice of Smeaton, that we can only use every 
precaution against accident when we cannot accurately 
determine the force with which we have to deal, for 
although his words applied to the construction of light- 
houses, they are equally applicable to our present subject. 
K We have not only to consider the strength of the 
guides themselves but also the stability of the frame- 
work to which they are attached. In lightly built iron 
steam] launches the framework is often unequal to the 
strains thrown upon it by the engines in their re-actions 
upon the parts supporting them. 

In Fig. 80 is shown a pair of guides for a small 
steam engine ; a a is the top and b b the bottom guide bar. 
These are secured to bosses c c upon the main framework 
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of the engine by means of bolts d d, of which one is 
shown more in detail at A. In this view the ends of the 
gnide bars and of the main frame or bed-plate are shown 
in section, in order more clearly to illustrate the mode of 
connection by the bolts d. These bolts without their 
nuts are of the form shown at B, having a conical collar 

Fig. 30. 




at k and being screwed at both ends to receive the nuts 
1 1, shown on view A. The boss c is bored out so as to 
be a close fit for the bolt or stud d, and at the top it is 
countersunk to receive the conical collar k ; the shorter 
end of the stud d being passed through the hole in the 
boss c, it is secured in its place by the nut /, and if there 
is any danger of slipping, a lock nut may be placed out- 
side it, or it may be secured from turning by making a 
couple of light notches m ?» (at C) with a bluntish cold 
metal chisel. This will sufficiently burr up- the two 
threads, that on the bolt and that in the nut, to prevent 
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the nut from workiog loose. It is not advisable to cold 
rivet the end of the stud over the nut, as in that case 
there would be no getting the stud out at any future time 
when it may be desired to replace the guide bars. 

The stud having been thus firmly secured to the bottom 
frame, and the guide bars having had their ends accurately 
bored to fit the upper part of the stud d, the end of the 
lower guide bar b is passed on to the stud until it is 
stopped by the boss c ; there is then passed over the stud 
a distance rmg, shown in section at i i. This is to main- 
tain the proper distance between the top and bottom 
guide bars, and the ring will therefore be in length a 
shade more than the thickness of the guide block g, into 
which is cottered the end of the piston-rod e. The 
guide block g has dead centres upon each side, on 
which the connecting-rod / oscillates, that rod being 
formed with a forked end wide enough to clear the guide 
block and long enough to clear the ends of the guide 
bars when the piston is at the bottom of the cylinder. 

We must now give a rule for finding the strength of 
the guide bars. 

The strain on the guide bars will be greatest when the 
guide block is in the centre of their length, the maximum 
strain being on the bottom guide when the crank is above 
the crank shaft, and on the upper guide when the crank 
is below the crank shaft. 

Rule. -To find the strain on the guide bar at right angles 
to its lengthy multiply the maximum gross pressure on the 
piston by the length of the crank {centre to centre of main 
shaft and crank pin)^ and divide the product by the distance 
of tJie centre of the main shaft from the centre of the pin h 
(Fig« 80) when the crank has made a quarter of a revolution, 

SuppLEMENTABY RuLB.— To find the required distance 

k2 
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from the crank shaft to pin h, square the length, between 
centres, of the connecting-rod, and from ilie product sub- 
tract the square of the length, between centres, of the cranh ; 
the square root of the remainder will be the length re- 
quired. 

Let the length of the connecting-rod be 84 inches and 
the length of crank 9 inches. 

84 inches length of connecting-rod 
"4 „ f, ,f ,f ,f 



186 
102 

1156 square of length of connecting-rod 
81 square of (9 inches) length of crank 

8)1075(32-78* inches length required. 
9 



62)175 
124 



647 j 5100 
4529 



6548)57100 
52884 



4716 



.... 



Having thus ascertained the required distance from the 
crank shaft to the guide block centre, we can show the 
method of applying the rule. Let the engine have a 
cylinder 12 inches in diameter, and the maximum, pressure 



I 
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of steam be taken at 80 lbs. per square inch. The area 
of the cylinder mnltiplied by the pressure will give the 
maximnm force upon the piston rod, from which we have 
to find the pressure on the guide blocks. 

12 inches diameter of cylinder 
1^ >> >> » 



144 square of do. 
*785 multiplier 

720 
1152 
1008 



118*04 square inches area of cylinder 
80 lbs. per square inch 

9048*2 lbs. maximum gross pressure 
9 inches length of crank pin 



* 



82*78) 81888*8(2482*8 lbs. pressure on the guide bar 
6556 



15828 
18112 

27168 
26224 

9440 
6556 

28840 
26224 

2616 
f • t • 
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We must now give a role by which to find the strength 

of a guide bar. The role given beneath assumes that the 

Fiff. 31. castings are made of sound grey cast 

^ iron, of uniform texture, and of section 



^ 



,-^. 



I^^I^^^B^. shown in Fig. 81. In the first place it 

^>$ ixnll I^A n AA Aflaarxr fn i^AfArminA fliA nnni. 



<j ^ will be necessary to determine the posi- 
tion of the line c c, passing through the 
''centre of gravity" of the section. 
This section is to be regarded as consisting of the two 
parallelograms aa oi}^ 6}^ and hhh^ 6^ To find the posi- 
tion of the line c c we have the following : — 

BuLE. — Multiply the length a a, by half the square of the 
depth a a^ ; multiply the depth h 6*, by the thickness b^ b^, and 
by a a^ plus half b b^ ; add the products together for a total ; 
multiply a a by a a^ and b b^ by 6' 6* ; add these products 
together, and by their sum divide the total previously 
obtained / the quotient tvill he the distance of the line ^c c 
from the edge a a of the section. All dimensions should be 
taken in indies. 

Let the length a a be 4 inches, the thickness aa^ i inch 
(*875 inch), let bb^he 8 inches, with a thickness b^ b^ of 
} inch (*75 inch), then for the first total we have— 

2) -76 56 square of -875 inches 

•8828 

4 inches length of a a 

1-8312 
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*75 inches thicksess b^ b^ 
8 inches depth b ¥ 



2-25+ 
2-875 .... 


/ 0-875 inches a a^ 
1 1-500 inches half 6 6» 


1125 
1575 
675 
450 


( 2-875 


5-84375 
1-8812 




6-67495 first total. 





Now, for the second total, we have a a multiplied hy 
a a} equals 8*5, and b b^ multiplied by b^ b^ equals +2*25 
square inches, making a total of 5*75 square inches : — 

5-76)6-67495(l-160 inches distance of line r c 
575 from edge a a, and cutting 

bb^ ia points d d. 

924 
575 



8499 
8450 

495 

... 



The total depth of the rib is 8*875 inches, hence the 
line c c will be 2'715 inches from the edge b^ b\ and from 
this lower portion the strength is to be calculated. The 
safe working pressure on the guide bar will be found from 
the following :— 
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BuLE. — Multiply 8200 lbs, by the thickness b^ 6^ and by 
the square of twice the depth d 5^, and divide by the length 
of the guide from centre to centre of holding bolts, all in 
inches ; the quotient will be the safe working pressure at the 
centre of the guide. 

Taking the above dimeneions we have, if the length of 
guide is 24 inches — 

2*715 inches depth d b^ 
2 



5-48 
5-48 

1629 
2172 
2716 

*29-4849 square of twice d bK 



8200 constant 
*75 inches thickness b b^ 



16000 
22400 



2400 
•29-48 

19200 
9600 

21600 

4800 



Length of guide f 8 )70752*00 
ininches.24l q^^q^^.qq 






2948 lbs. safe pressure on guide bar^ 
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A. simple rale for nnsjonmeirical beams of this descrip* 
tion cannot be given, bat of coarse by inverting that jast 
exemplified, the depth d b\hemg given, b^ b^, the thickness, 
may be foond; then the apper part mast be arranged so as 
to keep the centre of gravity on the line c c. 

The holding bolts will invariably have a great excess of 
strength ; thas we shoald not think of patting in, in this 
case, bolts less than i inch diameter, which woald give 
\ inch diameter at the bottom of the thread, giving an area 
of 0*44 sqaare inches per bolt, or for the two bolts — 
one at each end — 0*88 sqaare inch ; allowing, then, for 
safe tensile strain ander vibration, 7,000 lbs. per sectional 
sqaare inch, the working strain on the bolts may be as 
high as — 

0*88 sqaare inches area 
7000 lbs. per sq. inch 

6160-00 lbs. 

The common practice for the size of nnts is to make 
them of a height eqaal to the diameter of the correspond- 
ing bolt, in order to obtain eqaal strengths; bat we shoald 
here point oat that when stads tapped into cast iron are 
ased, the length tapped shoald be at least eqaal to 
two diameters of the bolt, in order to give eqaal strength, 
and even then threads in cast iron are not so reliable as 
they might be. 

Very great care shoald always be ased to obtain good 
castings for machinery of all descriptions, as a single flaw 
may caase the destraction of the whole machine, accom- 
panied perhaps by loss of 1L«3. 

We mast say that we feel the more anxioas on the sab- 
ject of cast iron from noticing the qaantity of cinder 

x8 
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trash that has been palmed off in bridge columns and 
other work, where competent and reliable inspectors are 
not employed. 

The faces of the guides must of course be properly 
planed and faced-up and the guide block accurately fitted 
to them, so as to move with undue friction and yet with- 
out any jumping. The faces of the guides must be 
exactly parallel and carefully adjusted to the guide block. 

In Fig. 82 we illustrate another form of engine guide, 
which, although it looks natty, we unhesitatingly condemn, 
and for several reasons, as will appear further on : — 




a 5 is the end of the piston rod fastened to a casting d, 
and being embraced at the end a by the forked end of a 
connecting-rod a c ; e eis the guide bar upon which the 
casting d slides to and fro. 

Now it is evident that no lateral steadiness is afforded 
to the piston rod in this arrangement, as the casting d is 
at liberty to revolve upon the guide bar e e; hence, if the 
piston and connecting-rods are not in strict alignment 
they will spring at the joint a at every stroke. Then 
again, there is the question of wear. It is obvious at 
sight that the stress upon the casting d produces an effect 
other than that of merely sliding it upon the guide bar e «— 
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there is a tendency to rock the casting ; daring the out- 
stroke of the piston rod the pressure vriU be on the parts 
of the internal edges at the parts//, and on the return 
stroke the pressure will be on the parts g g. 

The result of such constantly changing pressures must 
be to wear the hole through the casting oval at the ends> 
thus making it in vertical section trumpet-shaped at end, 
as shown bX h h ia view A. When this occurs the 
arrangement must become very rickety, especially in 
high speed engines ; nor is there any method of com- 
pensating for this wear. 

Sometimes the piston rod is extended sufficiently 
beyond its connection with the connecting-rod to allow of 
the end working through a ring in order to secure its rec- 
tilineal action ; this arrangement is preferable to the 
above, as the piston rod is steadied in every direction, nor 
is there any rocking effort on the guide ; but here again 
the tendency is to wear the hole in the guide to an oval 
form, and there is no adjustment to compensate. When 
this arrangement is adopted the connecting-rod must be 
forked in order to allow of its clearing the guides. 

Here, however, we have no guidance tending to pre- 
vent twisting, so that if from any unequal wear the piston 
rod has a tendency to twist, some wrenching of the 
forked connecting-rod may ensue. 

This seems a fitting place to show why the oscillating 
member of a pair, such as piston rod and connecting-rod, 
should be made as long as possible. 

In Fig. 83 let a be a shaft carrying a crank a b, which 
is aetuated through a connecting-rod 6 c, by a rectilinearly 
moving rod of which the guide block end is shown at c. 
A reference to our rule for pressure on the guides will 
show that if the crank length remain fixed or constant 
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while different lengths of connecting-rod are tried, the 
pressure on the guide block will vary. It varies inversely 
as the distance between a and c ; if, therefore, the con- 
necting-rod & c be replaced by a shorter one b d, the 
distance referred to is shortened from a do ad, and by so 
much inversely is the pressure on the guide bar increased ; 
thus a ad be one half of a c, the use of the connecting- 
Fig. 33. 




rod b d will be attended by twice the pressure on the 
guide bar (and therefore twice the friction) that will 
occur when the connecting-rod be is used. The additional 
friction will also cause loss of efficiency, for a corre- 
spondingly less quantity of power will be transmitted 
through the connecting-rod to the crank. 

There is a very important class of guides for the sliding 
tables of certain machine tools, to which we will now give 
our attention. A generic form is shown in Fig. 84. A is 
a section, and B a part plan of this guide. It will be seen 
that the sliding element a (which may be the slide-rest of 
a lathe) is formed with wedge-shaped flanges at the bottom, 
on each side, shown at ee^. The bed upon which this 
element moves is shown in transverse section at b c. A, 
and in plan b c, B. The bed is made with one under-cut, 
into which e is fitted so as to slide without any jar or 
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shake ; and it is held against this guide hy the strip d, 
which is adjustable, being secured to the bed by bolts 
passing through the slotted 
holes, which will allow of 
the strip enclosing the 
flange e^ being brought as 
close as may be desired to 
the element a, and from h 
time to time adjustments 
may be made by shifting 
the strip d to compensate 
for wear. There is another 
description of guide com- 
monly used in planing 
machines, which is shown 
in section at G ; / shows a 
portion of the bed of the 
machine with a 7-piece, 
A, cast on to its side. 
This F-piece fits and 
works in a similarly 
shaped groove in the bed 
g of the machine. This 
arrangement will be self-adjusting unless unequal wear 
should occur to a great extent. 

The foregoing examples may be regarded as typical of all 
rectilineal sliding guides ; and when properly constructed 
and proportioned, they are absolute parallel motions, but 
they occasionally entail considerable friction. 
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CHAPTER XVI. 



PARALLEL MOTIONS. 

Although the contrivances described in the previous 

chapter secure parallelism of motion, yet they are not 

what are commonly understood as ** parallel motions/* 

the latter being formed usually of articulated rods. One 

of the simplest forms of this class of motion is shown at 

Fig. 86. b c d e 
Fi>. 35. ^ . ., 

represents the 

system of bars 
called the parallel 
motion; b and e 
are ** dead cen* 
tres " attached to 
some part of the 
framework of the 
engine or machine 
in which the mo- 
tion is to be em- 
ployed; the free 
ends c d of the 
links be, e d are connected by the link c d, and in this 
link there will be a point a which will move in a straight 
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line. Thus if to such a point the head of a piston or 
other rod he connected its motion will he rectilineal. 

In the example shown the links b c and e d are of equal 
length, in which case the point of rectilineal movement 
will occur at the centre of the link e. If the links h c^e d 
are of unequal lengths, the pomt of rectilineal movement 
will not he in the centre of the connecting links. 

But to return to the Fig. We will explain uhy the 
point a moves in a right line, so that heing understood, 
the principle upon which to design articulated parallel 
motions generally may he clearly comprehended. 

If we move the link cd^o that the point a descends to 
hj we shall cause the links h c and e d to move to the 
positions bf and e g, cf heing equal to d g. At the same 
time the ends c and d of the links e d will deviate one on 
each side of the right line i k, and to practically the same 
extent, so that the centre or mean point will move in a 
straight line. Although this is not in the abstract abso- 
lutely exact, yet for such small arcs as occur in those 
motions practically applied the movement may be regarded 
as sensibly parallel. 

To enter at length into the theory of parallel motions 
generally would be out of place in the present work, which 
is devoted to dealing with details in a purely pi-actical 
sense. 

It will be evident on the slightest consideration that the 
element of strength need hardly be considered in connec- 
tion with articulated parallel motions of the class here 
described ; the strains upon them will be practically nothing 
compared to the strength which the links must necessarily 
possess if they are made strong enough to carry their 
own weight without deflecting ; hence it becomes a 
mere question of designing the various bars so as to 
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bear some reasonable proportion to the rest of the 
machine. 

It would be tedious, and in fact almost useless, to 
attempt to give rules for determining the lengths of the 
various elements of parallel motions, as they can always 
be best set out graphically. 
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CAMS AND THEIR ADJUNCTS. 



In designing cams and the elements necessarily asso- 
ciated with them, we encounter a very irregular class of 
strains, due to the intermittent action of these con- 
trivances. 
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Let us consider the strains on a cam of the form shown 
at A| Fig. 86. This is a common form of " edge-cam/' 
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having upon its periphery one camber, b. e is & dead 
centre, upon which is mounted a lever d e/, having at d 
a roller which rests in contact with the edge of the cam, / 
being the end of the lever from which the work is done at 
every impulse given to the end d by the camber b. Now, 
it is evident that there is no strain on the shaft c, beyond 
that due to the weight of the cam and shaft during each 
revolution, except that part which is performed during the 
action of the cam upon the lever. Therefore, it is evident 
that excessive wear will accrue to that part of the shaft 
which is diametrically opposite to the camber b, and the 
greatest wear of the bearings will be on a portion of the 
periphery opposite the roller d:; the arc both on the shaft 
and in the bearings will depend in magnitude upon the 
distance through which the camber acts. Thus, for 
instance, if the cam be in the form of a simple excentric, 
such as that adopted in the old-fashioned ** crocodile " 
shearing machines, there is a varying strain throughout 
the revolution, for there is always the weight of the 
ponderous lever on the cam, and this will give in some 
positions a twisting strain as well upon the shaft ; when 
the " cut " comes on the strain is nearly radial. This form 
so well exemplifies varying strains of difierent kinds 
occurring in the same element that it well deserves being 
described as a representative case. 

Figure 87 represents outline elevations of a cam and 
lever of the class referred to in different positions — a is 
the cam, or excentric, mounted upon a shaft b ; cdis the 
one end of the lever of which the other cames tha 
shearing edge. 

In the view A, the cam is at the top, and therefore the 
shearing edge being depressed to its lowest position the 
•'cut" is complete; here it will bo observed that the 
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8tr.ain npon the shaft b is simply radial, and, therefore, if 
it is held in between close bearings (as in all cases it 
should be) the strain will be a shearing strain. Boles for 
determining the areas necessary to sustain the various 
strains will be given farther on. 

Proceeding now to consider the position shown in the 
view B, when the cut is commencing the strain acts in 

Fig. 37. 




the direction of the arrow, that is, through the geometrical 
centre of the excentric cam, thereby putting a twisting 
strain upon the shaft b; and, on the opposite side, when 
the cam has made half a revolution the twisting strain 
will occur, but in an opposite direction ; so that the shaft 
b is twisted alternately in opposite directions, being sub* 
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jected to two such twists in each revolation. The cam 
revolves in the direction indicated hy the curved arrows. 
. The pressure on the end of the lever being known, the 
necessary working diameter of shaft may be determined 
by the following : — 

BuLE. — Divide the radial strain in lbs, upon the cam 
shaft by 7,000 ; tJie square root of the quotient will be the 
required diameter in inches of the shaft. 

This will be the diameter at the smallest part. 

Let there be on the cam a pressure of 16,000 lbs. 

7,000)16,000 lbs. pressure on cam 

2-285 
Of which the square root is 1*51 inches. 

We must, however, also see that we have sufficient area 
to resist the twisting strain, but we shall almost invari- 
ably find that the diameter calculated by the above 
rule will also be sufficient to resist the twisting strain. 

The view shows the case where the lever is fitted 
with a friction rollers; here the arrow/ indicates the 
direction in which the pressure comes upon the cam. 

Betuming to Fig. 86, as the greatest pressure on the 
bearings is opposite the roller d, care should be taken 
that the plummer block is in that position, so as to afford 
a solid resistance ; for if this pressure comes upon the eap 
the whole strain will be taken upon the bolts, and, 
although of course these should be made of sufficient 
strength, yet it is best always to provide the most solid 
bearing obtainable. 

At B is shown another form of cam, known as a face 
cam ; h is the shaft carried in bearings held in a plummer 
block j covered with a bearing in a cap u ff is a diso 
carrying a camber ^, which actuates a lever at every revo* 
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Iniion ; here the force acts in the direction of the arrow k, 
and, therefore, tends to bend the shaft h; the shaft 
being amply strong to resist such bendiog, the cam must 
be made with a long bearing on it, say a boss the 
hole bored through which is in length equal to one 
and a half diameters of the shaft, so that it may not wear 
loose. 

The variety of mechanical movements obtainable by the 
use of cams is infinite, but these elements require great 
care in setting out, and on account of their irregularity of 
pressure on cams of all descriptions it is advisable that 
they should be made of hard material, or of wrought iron, 
case hardened ; care should also be taken that the curves 
forming the periphery of the cam, or in the case of 
face cams, the curve of the cambered parts, bo so ad- 
justed to each other as to obviate any jerking movements. 
It may be as well here to 



Fig. 38. 



show how two curves may 
be joined so that the passage 
from one to another may be 
perfectly smooth. We will 
assume that the curves are 
circular arcs. 

In Fig. 88 are shown 
portions of the contours of 
two kinds of cams, that at 
A being part of an edge cam 
(similar to that shown at A, 
Fig. 86), and that at B part 
of a heart-shaped cam. 

Taking first the form shown at A, we have three cir- 
cular arcs, b Cf c e, e g; the centre from which the arc 
b CIS struck is a ; from a is drawn the radius a c, which 
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is ptodnced as fu as may be reqnired. On this produced 
line mwt b« the centre from which the eentre arc c'e 
is struck, in order that the j nnction of the corves at e may 
he accurate ; the centre of c is shovn at li ; &oin d is 
drawn the radios d e, which also is prodnced as far 
as may be necessary for the centre / of the arc e^ to be 
marked. 

Passing now to the view B, we have the three arcs h c, 
ee,eg; the first arc 6 c is strack from the centre a, and 
on the radius a c is located the eentre d, from which 
is struck the txa ce; the radius li « is produced tax 
enough to reach the centre/, or the arc «(r. 

From this it will be observed that ia all cases where 

two circular arcs have to be joined, in order to secure a 

smooth path from one to the other, it Is necessary that 

the centres from which the two segments are struck 

should be located in a 

'^' stnught line passing 

through the junction of 

the curves. 

lu the construction 
of small cams it is per- 
haps most convenient 
to set oat the contour 
on the work itself, but 
whether it be set out 
so, or on a template, a 
systematic course must 
J be pursned. In Fig. 89 

is shown' a method of 
setting out one class of cam, that in which the lever or 
roa upon which the cam is arranged to act is required to 
e uniformly raised during one half of a revolution and 
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allowed to fall uniformly during the following half revolu- 
tion, that is to say, the travel of the lever away from, or 
towards, the centre of revolution of the cam must he con- 
stant for any given portion of a revolution. 

In the figure a is the shaft upon which the cam is to he 
fixed, h shows the part of the periphery of the cam nearest 
to its centre of revolution, and d the point farthest there- 
from. 

From the centre a we describe with the radius a d the 
circle d e cf^ and this circle we divide into thirty-six parts, 
drawing from the points of division radial lines as shown ; 
we, therefore, have eighteen divisions for each semicircle 
or half-revolution, during which the lever-end or roller 
resting at h is to be lifted through the distance h e* Di- 
vide h c into eighteen equal parts, and from the centre a 
describe arcs of circles to radii determined by such divi- 
sion as shown. Thus, the first arc is bounded by the 
radii g a and h a, the next arc will reach to the next radius 
on each side, and so on until the outer circle dec/ is 
reached, then the points at which the several arcs meet 
the radii will be points in the periphery of the required 
cam, the contour of which will consist of two spirals b i d 
and bkd. 

If a large number of cams are required of one size and 
form it will be most economical to prepare carefully a 
special geometric chuck, so that the bulk of the cams may 
be turned in the lathe. 

We have with this cam an uniform movement, but it is 
advisable also to give an example of one acting intermit- 
tently, as shown at Fig. 40. a is the shaft upon which 
the cam is fixed, one-half, h/g, of the cam is semicircle 
about the centre a, so that the end of a lever resting on 
the periphery at g remains at rest during half a revolution 
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(in the direction indicated by the Brrow), but eo soon as 
the pomt k has paeaed the end of the lever the latter 
begins to rise and is nniformly lifted until it reaches tho 
point c, with which the point b of the cam -will then coin- 
cide ; during the next quarter-revolution the lever wilt 
gradnally fall to the 
'*'■ position (f. The cam 

is thus set oat: let/i 
be the amount of travel 
to be given by the cam ; 
from a with the radius 
a/ describe the semi- 
circle g/h, and from 
the same centre with 
the radins a d describe 
the circle bade; draw 
the diameter b d Ai 
right angles to the dia- 
meter cghe; divide 
the semicircle che into, say, eighteen parts, and divide 
fd into nine parts, then, begmning from / and with radii 
corresponding to the divisions on/d, describe the ares 
shown. Thus, with the first radius beyond af, draw the 
arcs between the radii c a and i c, and e a and ka; the 
next arcs will be carried to the nest radii, and so on, and 
the points where the ares meet the radii will determine 
the periphery of the cam. 

In machine tools, such as planing, shaping, and slotting 
machines, a slow movement is required for the forward 
motion when the cat is on, and a quick back motion to 
save time between the outs ; this may bo effected by using 
eUiptical-toothed wheels so arranged that on the back 
stroke the long radius vector of the driving wheel oorro- 
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sponds to the short radius vector of the driven wheel ; and 
by different arrangements of segmental wheels ; but these 
cannot properly be classed among cams. 

It will be evident on a little consideration that almost 
any conceivable mechanical motion may be obtained by a 
judicious use of cams, and, in lact, the different kinds are 
almost innumerable as used in sewing machines, pin mak- 
ing, and other machinery requiring special and intermit- 
tent movements. 
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PACKINGS. 

The arrangement of packings for pistons and piston rods, 
and pnmp plungers and rods, has always been a sort of 
vexed question, and the difficulty attendant upon the 
achievement of success is sufficiently evidenced by the 
immense number of patent packings which have from time 
to time appeared in the market. 

The old-fashioned hemp or gaskin packing is as satis- 
factory for piston rods as any, but it requires frequent 
renewal, as, of course, it is constantly wearing away under 
the influence of friction and heat, and has to be kept up 
tight against the rod by an adjustable gland of the form 
shown at Fig. 41, which is a vertical section of an ordi- 
nary stuffing box. a a is the rod to be packed, bb a, 
stuffing box cast on the cover through which the rod a a 
is required to work air or steam tight ; in 6 6 is a cavity 
so that when the rod a a is in place there is an annular 
space,//, around it to receive the packing. To the box 
bb is fitted a gland c c, having a hole bored through it to 
fit freely the rod a a, which also fits a hole bored at the 
bottom of the stuffing box at g. Into the flanges of the 
stuffing box are screwed two or more studs dd, and 
holes are drilled in the flange of the gland corresponding 
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in position to these Btnde, which are screwed at the ends 
to receive oats. The stuffing being pnt into the space /^ 
the gland cc is adjusted upon it and tightened np by 
means of the nnts e e, and &om time to time as the pack- 
ing wears away the nuts are farther tightened until it 
becomes necessary to renew the packing material alto- 
Fig, il. 



gether. Of course the gaskin must be thoroughly soaked 
in melted tallow before being applied in the stuffing box. 
Several kinds of metallic packings for stuffing boxes have 
been brought out to replace the gaskin ; one form is shown 
at A. This consists of a series of conical rings of metal 
surrounding the piston-rod, agunst which they are caused 
to bear by screwing down the gland upon them, and so to 
a certain extent flattening them out. 

India-iubber packings have been tried, but, as far as 
out experience has gone, without satisfactory results, 
there being a tendeney to cut the rod a a in grooves. 

We have recently had our attention drawn to an 
engine of American design in which no solid packing is 
used around the piston-rod, which passes through a long 
tube as an easy fit, and it is said that there is no leakage 
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If this be true the aotnal packing mnst be -the water 
formed by condensation of the steam within the tabe, 
which is retained by capillary attraction with sufficient 
force to resist its expulsion by the pressure of the steam 
within the cylinder. We shall not discuss this contri- 
vance, but only give this description of it for our readers 
to take for what it is worth. 

When the rods are very small, the gland c e^ instead of 
being forced up by nuts, may be made to screw into the 

stuffing box h b, in which 
case the flange of the 
gland will be made of 
hexagon form like a nut. 
The piston packings are 
invariably made of metal, 
and are commonly ar- 
ranged as shown at A, B, 
and C, Fig. 42. 

At A is shown a vertical 
section of a solid-bodied 
piston, packed with a split 
cast-iron ring : a ais the 
body of the piston, in 
which is bored a tapered 
hole, b, to receive the end 
of the piston-rod ; c c* 
shows the packing ring, 
which is made thinner at 
c^ than at c. This ring is cut 
through at one side, as shown at e, the cut being made 
at the thinnest part, and the passage of steam through 
such cut being prevented by a closely fitting tongue, c/, 
fastened by the end to the ring, the other end being free 
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to allow the elasticity of the ring to come into play. In 
some cases two rings^ one above the other, are used, the 
joints being placed diametrically opposite each other ; // 
is a junk ring to retain the packing ring in its place, and is 
itself secured by bolts gg, tapped into the body a a of the 
piston. 

The packing rmg c c is turned of somewhat greater 
diametelr than the cylinder, a sufficient portion is then cut 
out at e to allow of its compression, so that it can be 
forced into the cylinder, against the interior of which it 
will then press by virtue of its elasticity ; these spring 
rings are made of cast iron. These rings are, however, 
only suitable for pistons of small diameter ; the object in 
making them thick on one side and gradually thinner each 
way towards the slit a, is to obtain something approaching 
to uniformity of pressure on the interior surface of the 
cylinder. 

When the piston is of a diameter too large for the 
spring ring arrangement, a thin ring, or a ring made in 
segments, may be used, being pressed against the interior 
of the cylinder by springs as shown at view B, where 
a is the body of the piston, h b the packing ring, and 
c c c c the springs by which it is pressed against the 
cylinder. 

At C is shown another method of packing small pistons. 
The body a a of the piston (which also has a tapered 
hole b, to receive the end of the piston-rod) has a number 
of grooves c c c turned on its periphery, into which are 
slipped split wrought-iron rings of the sectional form 
shown at d^ These rings are very narrow, varying from 
one quarter inch to one inch. The top and bottom edges 
are rounded off in order to obviate the possibility of their 
cutting into the cylinder. 
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We will now proceed to consider the packings to be 
need for pomps, &e. 

The rods of air-pnmpB, and also their pistons, may be 
packed in the same way as the corresponding parts of 
steam engines, bnt the parts exposed to water sbonld, 
where the expense is not a positive bar to it, be made of 
brass, or of iron lined with 
Fig. 43. brass or Montz'fl metal. In 

plunger- pamps and hydro- 
static presses it has been 
nsnal to pack with leather 
collars, as shows in Fig. 43. 
^^ a is a plnnger or ram, work- 
%M^ ing in a cylinder, shown in 
^ verlical section at 66. In 
the upper part of the in- 
terior at 6 6 is cut a groove 
to receive the leather ring 
ce, which is more clearly 
shown in section at B. It 
will be seen that on the 
application of preasuro to 
the liquid in the cylinder, a 
portion of it passing into 
the hollow collar B will 
distend it, and so press it 
against the plungeror ram a. 
Within the collar B is placed a copper ring e, to prevent 
the collapse of the leather when not in nse. As we have 
previously observed, we prefer to use gaskin packings. 

At G is shown a pump bucket packed with leather, a is 
the pump-rod, b b and 6' 6' are two cap-shaped leathers 
through which the pump-rod is passed; the leathers are 
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secured to the pump-rod by washers c cS held in position 
by nuts d d}. The washers c c^ are made of the proper 
diameter to keep the cup-leathers up to the diameter of 
the pump barrel, against the sides of which the water 
pressure acting inside, the leathers will assist in pressing 
them. 
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BOLTS, NUTS, STUDS, AND SCREWED ENDS. 

Ths whole security of a machine, assuming all its ele- 
ments to have heen properly designed, must ultimately 
depend upon the bolts, rivets, or other equivalents by 
which its component parts are held together, hence the 
great importance of carefully determining their dimensions 
and securing both good materials and good workman, 
ship. There is, in fact, so much slovenly and dishonest 
work turned out in the shape of bolts and nuts that we 
cannot keep too sharp an eye on this part of the work. 
We unhesitatingly say that all bolts should be chased by 
a cutting tool and not worked up by dies; we say << worked 
up'' because die-cut screws are partly cut and partly 
squeezed, and it is evident that a thread squeezed up cold 
cannot possibly possess the strength of the material when 
properly worked. 

The strength of a bolt or any description of screwed 
end must be determined from its diameter measured at 
the bottom of the thread. In machinery in this country 
the Whitworth pattern of screws is universally used ; the 
threads are cut, with an angle of fifty-five degrees, and for 
different diameters the numbers of threads per inch for 
angular threads are given in the following table : — 
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Diam. 
inches. 

i 



A 






f 
1 



No. of Threads 
per inch. 

24 

20 

]8 

16 

14 

12 

11 

10 

9 

8 

7 

7 



Diam. 
inches. 



No. of Threads 
per inch. 

6 



If 

If 

IJ 
2 

2i 

2i 
2} 

3 

H 



6 
5 
5 

^ 

4 
4 

3i 
3J 

H 
H 



Diam. 
inches. 

3} 
4 

41 

4i 

4} 
6 

6i 

6i 
6 



No. of Threado 
per inch. 

3 

3 



2J 
2J 

2* 

2f 

2S 
2f 
2* 
21 



Square-threaded screws will have half the number of 
threads per inch that are found on angular or Y-ihreaded 
screws. 

The depth of thread is equal to the pitch, and one 
quarter of the depth is rounded. 

Some mechanics will allow five tons as the safe work- 
ing tensile strain per sectional square inch, but we do not 
think it advisable to assume more than 9,000 lbs., and on 
that factor the following table of strength of bolts is cal- 
culated. Column D is the diameter of bolt in inches, and 
column W the working load in lbs. either in tension or 
shearing strain, the latter of course being taken for single 
shear through the bottom of the thread : — 



B. 



A. 



i ... 
A... 



2 • . • 



i ... 



w. 

77 

162 

286 

440 

600 

784 

1400 

2135 

3014 



D. 


w. 


D. 


AV. 


D. 


W. 


1 .... 


3972 


21 


.... 21640 


H 


.... 102764 


li .... 


6046 


2i 


.... 28270 


H 


....114117 


It .... 


6510 


2i 


.... 33583 


5 


....128648 


If .... 


7713 


3 


.... 44620 


n 


.... 142372 


H .... 


9470 


3} 


.... 49556 


6i 


. . . . 158596 


H .... 


10610 


3i 


.... 69263 


5} 


. . . . 173506 


li .... 


12873 


3* 


.... 67448 


6 


. . . . 190849 


ij .... 


14525 


4 


.... 77752 






2 .... 


16961 


H 


.... 89371 
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The thickness of the head of the bolt should be equal to 
the diameter of the bolt, and its width over the angles 
equal to twice the diameter of the bolt, in order to insure 
ample strength against stripping of the thread. Theore- 
tically the head does not require to be so thick, for as 
the tensile and shearing strengths per square inch are the 
same, the shearing areas should only require to be the 
same. 

Now the sectional area of the body of the rivet will be 
found by multiplying its diameter squared by *7854. If 
the head shears off it will be by the body, as it were, 
drawing out of it ; hence the area in this case will be the 
circumference of the body of the bolt (that is, the dia- 
meter multiplied by 8*1416) multiplied by the height or 
thickness of the head. These two areas, then, are re- 
quired (for perfect material and workmanship) to be equal. 
Let us take a case to find the required proportion of 
height to diameter, calling the latter one inch : — 

The cross-sectional area of the bolt will bo '7854 
square inches ; the stripping area of the head will be 
8*1416 multiplied by the height, so that the theoretical 
height will be — 

0-1416)-78540( -26 inches. 
62882 



157080 
157080 



or the head must be at least i the diameter of the bolt in 
thickness. We have, however, to consider that the shear- 
ing strain on the head acts parallel to the grain of the 
iron instead of across it ; hence the resistance will not be 
so great, so that in fact, all things considered, it is better 
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to adhere to the practice of making the thickness of both 
heads and nuts equal to the diameter of the bolt. The 
theoretical thickness of the nut would be half a dia- 
meter on account of the loss due to rounding out the 
bottoms of the threads. 

The same proportions will apply to screwed ends of 
distance rods, &c. A few words are appropriate here in 
connection with studs and dead centres. The stud may 
consist merely of a rod screwed at both ends, one being 
screwed into the 

framework, and the ^■»- "• 

other fitted with a nut 
for securing any re- 
quired part of the 
machine on the stud ; 
but studs with collars 
are decidedly prefer- 
able, as they can then 
be screwed up to a 
fixed distance with more certainty. In Fig. 44 a is a stud 
with a collar fitting into a countersink in the frame dy g is 
the top nut ; 6 is a stud with a cylindrical collar, which, 
however, probably, does not steady the stud so completely 
as the conical form, h is the top nut, and e the frame 
into which the stud is screwed. 

c is a dead centre passing through the frame /, and 
secured beneath by a nut h ; the part of the dead centre 
immediately below the collar has a rib, or feather, Z, which 
fitting into a groove in the frame/, prevents it from turn- 
ing, which might otherwise happen if the rocking or 
revolving element supported by it has a very tight fit. 
The top or outer nut i screws up to a certain point, 
where it jams against the metal at the end of the screw 
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thread, which is carried far enongh to leave just the 
proper space between the nnt and the collar for the 
revolving or rocking element to work freely. 

For the practical method of chasing screws see the 
author's << Practical Treatise on Mechanical Engineering." 
There is among ignorant labourers a great tendency to 
overstrain the screws in tightening up nuts, and also 
screws that are tapped into framework. It is quite suffi- 
cient to tighten up the nut or screw so that it takes a fair 
solid bearing, for if it is further strained the only effect 
obtained is to strain the threads, and make them what is 
called " drunk,'' when after a few removals and replace- 
ments of the nut the thread becomes worthless. 

In classes of machinery where there is much vibration, 
the nuts having, in the first instance, been screwed up to 
their proper bearings, a hole may be drilled right through 
the nut and bolt, and a steady pin put in, and this steady 
pin, which is slightly tapered, should be split at the 

narrow end, so 
that it may be 
slightly spread 
after being 
driven into its 
place. 

At Fig. 45 is 
shown an ex- 
ample of a 
screwed end, 
commonly used 
in roof joints. 
« is a queen, or minor rod ; hy a T-iron strut, having the 
web cut away at the lower part, and the table (shown in 
section) at d bent so as to lie flush upon the main tie c c. 
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eeia one, and g g another nut on the screwed end of the 
rod a, and between these nuts the stmt h and the tie c c 
are secured to the rod a. 

The screwed end is made of a forging sufficiently large 
to have a diameter at the bottom of the thread slightly in 
excess of that of the rod a, so that the strength of the 
latter may be fully equalled by that oi the screwed end, 
which is welded on to it. 

It will be seen that the holes in the table d of the strut 
b, and in the square part of the main tie c c, are made of 
a diameter large enough to allow the screw to clear. As 
when the roof principal is once adjusted there is no reason 
for altering the nuts, the end/ of the rod a may be cold 
riveted over the nut gg. 
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STANDARDS AND FRAMEWORK. 

In designing standards and framework of every descrip- 
tion the first desideratum is solidity and rigidity, and 
this should be attained as much by form as by mass of 
material. 

The form, then, of the parts of frames that act as 
bracings must be determined with due regard to the 
nature and direction of the strains to which they will bo 
subjected. 

Take, for instance, an ordinary horizontal steam engine ; 
supposing the work to be properly balanced and truly 
adjusted, we have to provide against alternate longitudinal 
tension and compression simply, but we must form the 
frame so as to hold the plummer blocks in suitable posi- 
tions, so that the directions in which they can be adjusted 
are in line with the maximum strains. A faulty and a 
correct method of arranging for the bearings are shown at 
Fig. 46, these being the bearings for the main shaft. 

a a is one frame carrying a plummer block h, fitted with 
brasses and a cap c ; now here it is evident the adjustment 
is arranged vertically, whereas the strains are horizontal 
in the directions of d and e, and no amount of tightening 
up the brasses by screwing down the cap, will in any way 



STANDARDS AND FRAMEWORK. 



231 



compensate for the wear due to the longitudinal strains, 
though it will compensate for the extra wear due to the 
weight of the main shaft, fly> wheel, &c,f which acts verti- 
cally. 

//shows another form of bed, with the plummer blocks 
more suitably arranged. 

We have seen that, in addition to the wear caused by 
the mere friction of the shaft revolving in its bearings, 



Fiif. 46. 
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there are two directions in which extra or special strams 
occur — that is, horizontally and vertically. The latter is 
chiefly due to the weight of the fly-wheel, driving drums, 
&c., the main shaft itself having an effect comparatively 
insigniflcant ; if, then, separate plummer blocks are pro- 
vided for the shaft close to the fly-wheel, &c., arranged as 
shown at c & ; in dealing with the bearings close to the 
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crank we should arrange them as shown by the fall lines 
at h the plammer block, and g the cap ; then will the 
adjustment line in the direction of the strains, as shown 
by the arrows i and k. 

At first sight it might appear to the inexperienced that 
instead of using a vertical line of division for the brasses, 
that an inclined one would meet the cases of both extra 
strains ; but this is not so, as when the strain from the 
piston is acting in the direction of the arrow », the line of 
division would be indicated by the position of some such 
line as that shown dotted at I, and when the strain acts 
in the direction of the arrow k, the line of division should 
be located as shown by the dotted line m, and as the line 
cannot be varied with each stroke of the piston, the only 
thing to do is to keep to the vertical division, as shown 
by the plummer block and cap h, g. In a vertical engine, 
the piston strains and the weight acting both in a vertical 
direction, the adjustment is correct when the line of divi- 
sion of the bearings is horizontal. 

The tensile strain on the bolts will be equal to the 
maximum strain on the piston, which is found by the 
following : — 

BuLE. — Multiply the square of the diameter of the piston, 
in inches, by '7854, and by the maximum boiler pressure in 
lbs, per square inch. The product divided by the number of 
bolts proposed to be used wiU give the strain in lbs. upon 
each bolt. 

For example, let there be an engine working on a single 
crank, and therefore acting on one plummer block and 
bearing, and let the cylinder be 24 inches in diameter 
and the maximum boiler pressure 65 lbs. per square inch, 
it being proposed to use /our stud bolts to secure the cap, 
then : — 
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24 inches d'ameter of pieton 



576 square inches area of pision (or cylinder) 
66 lbs. per square inch, maximum boiler presaure 



8456 

4)37410 total pressure on piston 

9360 lbs. strain on each bolt. 

A reference to the table of working strengths for bolts 
shows that the nearest in strength above that required is 




B H inch bolt, which ehonld therefore be adopted. The 
bearing in plan will appear as shown at Fig. 47 ; a is the 
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end of the main shaft intended to receive the crank, and 
h c the cap of the plammer hlock. 

The plnmmer blocks should in every case where it is 
practicable be cast in one piece with the bed frame of the 
engine, in order to avoid the introduction of another 
joint ; but where it cannot be avoided a pedestal of the 
form shown at A may be used. This bearing is arranged 
for extra vertical strains. The plummer block is made 
with bevelled flanges d d, which fit into undercut grooves 
as shown, the whole being tightened up by a wedge e. 
The cap is fastened to the plummer block /by bolts^^, 
which for greater security may be taken right through the 
flange of the bed frame as shown. The cast-iron frame 
will generally be of the section shown at B, and as cast 
iron in tension will break at about 8 tons or 17,920 lbs. 
per sectional square inch it is not safe to allow for working 
strain more than 1,800 lbs. per square inch. In the case 
considered above we shall therefore require a sectional 
area, to be found by the following general 

Rule, — To find the sectional area in square inches of the 
top flange (h, B, Fig, 47) of a cast-iron frame^ divide the 
maximum gross pressure in pounds upon the piston by 1800. 

1800)9860 lbs.(5*2 square inches sectional 
9000 area of top flange. 

8600 
8600 



If, therefore, the top flange be made six inches wide 
and three inches deep and five-eighths inch thick, the 
requisite area will be given, but this is exclusive of bolt 
holes ; hence it must be widened where those occur, as, 
for mstance, under the plummer block, where, to admit 
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two H inch bolts in its width, the flange itself mnst be 
increased to nine inches in width ; it mnst also be simi- 
larly widened when bolts for the attachment of the cylinder 
and gnide bars occur. 

In connection with framing we may also refer to founda- 
tions, for it is evident that a solid foundation is necessary 
to support the superincumbent load, and it is also neces- 
sary that the machine should be sufficiently firmly anchored 
to the foundation to prevent rocking or jumping. 

In order so to fix the bed plate, anchor bolts must be 
used passing down through the loundation, and passing 
through an anchor plate at the bottom, beneath which 
they are held by their heads. The anchor bolts are placed 
head downwards in the excavation for the foundation, and 
the anchor plates being passed down over the bolts until 
they rest upon the heads the loundations are built up and 
the bed plate of the engine secured on the anchor bolts, 
which pass through them by means of ordinary nuts. 
For light engines on good substantial bed plates it is quite 
sufficient to fasten them to their foundations by short 
rag bolts run in with cement or sulphur to prevent lateral 
movement irom vibration. 

Some classes of very large engines cannot be carried by 
a continuous bed plate or framework and require special 
foundations in order to insure their stability, and we can- 
not for this case take a more striking example than that 
which occurs in the single-acting Cornish engine. In 
this machine the piston in its down stroke lifts a ''pre- 
ponderating weight" hung to the far end of the main 
beam, and on the escape of the steam from the cylinder 
the preponderating weight descends, actuating the pump 
plunger, and also drawing the steam piston again to the 
top of the cylinder. Now it is evident that if the cylinder 
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be not held down with sufficient force that instead of 
raising the preponderating weight, the steam acting on the 
inside of the cylinder will lift the latter and slide it up the 
piston-rod. The cylinder, then, must be anchored down 
to a sufficient mass of masonry to obviate this, and the 
weight of that mass should not be less than one and a 
quarter times the preponderating weight ; it is called the 
*' cylinder load." The horizontal length and breadth of 
the cylinder load being given in feet, also the weight of 
its materials in pounds per cubic foot, its required depth 
will be found from the following : — 

BuLE. — To find the depth in feet of the cylinder load 
multiply the length in feet by the breadth in feet and by 
tlie weight of the matenal in pounds per cubic foot; by the 
product divide one and a quarter times the preponderating 
weight in pounds ; the quotient uill be the required depth. 

Let the preponderating weight be *95,000 lbs. and the 
cylinder load 12 feet long and 10 feet broad, and built of 
stone weighing 135 lbs. per cubic foot. 

12 feet length of cylinder load 
10 „ breadth ,, 

120 

185 lbs. per cubic foot of stone 



600 
860 
120 

16200 
1-25 

81000 
32200 
16200 

2023000 
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20230-00)»95000 lbs.(4-696 feet nearly, say, 4 feet 
80920 8i inches depth of 



cylinder load. 



140800 
121880 

194200 
182070 

121800 
121880 

Care mast be taken that the stones composing the 
cylinder load are well cemented and bonded together so 
as to form a concrete mass, so that it shall not disinte- 
grate when the strain comes npon it ; the anchor plates 
must also be of large area, or it is better where possible 
to make them continuous. 

The total load being '"^95,000 lbs., we can find the 
number of bolts of a given size required by dividing that 
weight by the working strength of one bolt, as shown in 
our table (page 225). Let 1^ bolts be decided upon, then 
each such bolt has a working strength of 9,470 lbs. 

Strength of 1* bolts in lbs. 9470)*96000(10 bolts, 

9470 



800 



or rather, as there is a remainder, eleven bolts will be re- 
quired, but for the sake of symmetry we should in practice 
use twelve bolts. We may have the anchor plate at the 
bottom of the cylinder load in the form of a ring of the sec- 
tion shown at Fig. 48, where the bolts occur, at A, and 
in the parts intermediate between the bolts as shown at B. 
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a is the holding-down or anchor bolt, of which d is the 
head, bb is the anchor ring, having cast on it bosses for 
the heads of the anchor bolts to bear against. These bosses 

Fiir. 48. 




B 




are stiffened transversely by brackets as shown, and longi- 
tudinally by a rib mnning from boss to boss, shown in 
section at /, view B, where ^ ^ is the top of the ring, in 
this part of which brackets g g are also cast at intervals. 

When the cylinder load is very wide it may be advis- 
able to have radial ribs, as shown by the dotted lines at 
c, crossing the interior of the ring to support the masonry, 
the ribs, of course, meeting in a boss in the centre. This 
arrangement is most called for when the cylinder load is 
of brickwork. A general rule for the strength of unflanged 
ribs, such as c, may here be given, which rule may be 
transposed as circumstances may require. 

BuLE. — To find the safe load on a rectangular rib in 
pounds equally distributed over its length : all dimensions 
being taken in inches, multiply the breadth by the square of 
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the depth and by 9677, and divide the pi'oduct by the bear- 
ing on clear span. 

Let a rib be 8 feet (96 inches) in length, 6 inches deep, 
and 2 inches thick ; required the safe working load. 

6 inches depth 
6 ,, 

86 square of depth 
2 inches breadth 

72 
9677 constant 



504 
604 
482 

648 

Bearing 96)696744(7267 lbs. load. 
672 



247 
192 



664 

480 

744 
672 



72 



Rule. — The load in pounds and the d^pth and span 
being given to find the tldckness, multiply the load by tJie 
span and divide the product by 9677 times the square of the depth. 
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Let the load be 7)257 lbs. equally distribated, the depth 
6 inches, and the span 96 inches. Then : — 

9677 constant 
86 square of span 



58062 
29031 

848372* 



7257 lbs. load on rib 
96 inches span 



43542 
65283 



348372)696372(l-99, &c., inches thickness of rib. 
848372 



8480000 
8135348 

8446320 
8135348 

810972 
• t • • 



This should prove the previous example, and the slight 
discrepancy is due to dropping the decimals in the former 
case, which showed a remainder. Oi course in practice 
1*99, &c., would be called 2 inches. 

In no case does the necessity of a self-contained frame- 
work appear more imperative than in that of marine 
engines, for even in locomotive work the engines and 
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crank shaft are not rigidly preserved in certain relative 
positions, inasmuch as a certain amount of play is allowed 
by the springs. 

It is evident that no strain should be permitted to come 
upon the framework or skin of the ship from the vibration 
of the engines, or 
from the reac- ^S' ^^' 

tions arising ^ ^ 

among their ele- 
ments, hence 
rigidly braced 
frames must 
be employed. 
Frames of a 
similar type must 
also be adopted 
for various 
classes of ma- 
chines where the 
lines of strain of 
the different 
parts cross each 
other; we may, 
therefore, deal 




sC/ 



o i 



'^^Vx 



5^ — ^ 



g 




I 



^^ma 



^ 



T 
P 



generally with 
cross - braced 
frames. 

In Fig. ^^ ahcd represents a typical cast-iron-braced 
frame ; it is stiffened by the diagonal ribs a d and b c, 
which resist any force tending to disturb its rectangular 
form ; this frame is shown as being all cast in one 
piece. Its connection with the other framed sides of 
a machine will be made through suitable lugs and 
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bolts, and, where necessary, distance rods of the form 
shown at i k. 

The exact distance required between the frames having 
been determined, the distance rods are formed with collars 
m m to correspond, making the distance I equal to that 
required. The ends i and k having been passed through 
opposite side frames, the latter are held up to position by 
the bolts nn. Even where four braced side frames are 
used it is advisable to employ tie rods passing right 
through ; but in this case the collars mm will be omitted, 
as the castings will abut against each other, and so preserve 
the proper distance, while we have the advantage of the 
superior tensile strength of wrought iron in the tie. 

In all cases where a bolt or tie passes through a cast- 
iron plate, the metal should be thickened up to a circular 
boss, as shown in vertical section at r. o is the ordinary 
thickness of the plate, p is part of the distance rod, and q 
the nut. 

e/gh shows another kind of braced frame made of 
wrought angle iron. The angle irons are bent up into 
four triangles, and welded up ; they are then riveted 
together, as shown, and in this form make a very strong 
frame. 

In bending angle irons to such shapes the positions of 
the corners are marked on the straight bars, and Y-shaped 
pieces there cut out of the vertical limbs ; the angle irons 
are then heated and bent to the required forms, and the 
free ends, and also the edges of the Ys, securely welded 
together. 

A question naturally arises as to which kind of frame is 
the better — a cast or a wrought iron one — and there is 
something to be said on each side. 

In the first place as to cost : there is, probably, not 
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much diflference, for although the "wrought-iron frame 
will certainly cost more per ton, yet, as it will he much 
lighter, the additional rate will he compensated for to 
some degree, and perhaps altogether. 

The wrought-iron frame has the advantage of superior 
general strength, of more uniform quality, and an exemp- 
tion from liahility to fracture, which allows us to use 
much lighter sections than can safely he employed in cast 
iron ; hut, on the other hand, all hearings and plummer 
hlocks must be bolted or riveted to the wrought-iron 
frame, whereas if cast iron is the material used, they can 
be cast on so as to form one piece with it. Furthermore, 
ii weight is required in order to give steadiness to the 
machine, then cast iron has the advantage in this point. 

As we cannot determine in actual measured strain the 
force acting upon the cross bracings, the determination of 
the sizes of those parts becomes a matter of practice, 
rather than of calculation. 

It often happens that girders are required to sustain 
the framework of machines, or for the attachment of tackle 
for taking them to pieces for cleaning or repairs ; hence 
it is necessary to give rules for calculating the sizes of such 
simple forms as may be called for. 

There are two principal ways in which the girders may 
be loaded — 1st, with a load at the centre ; 2nd, with a 
load equally distributed over the clear span. In the latter 
case a given girder will carry twice as much as in the 
former, and for this latter case we shall give rules, it 
being understood that the same rules may be applied for 
the central load; but for purposes of calculation that 
central load must he doubled. In Fig. 50 A is a section of a 
cast-iron girder ; a 6 is the bottom flange, c d between the 
"Ganges is the depth. The web connecting the flanges 

8l2 
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vertically should be of a thickness not much less than 
that of the flanges. £ is a single-webbed wronght-iron 
girder, the flanges//, //being joined to the web by angle 
irons e ee. The web should be § inch thick for all such 
sizes as are likely to occur in the cases we are dealing 




with, and if the girder exceeds a foot in depth vertical, 
T-iron etifleners, 6 inches by ST inches by i inch, should 
be placed on both sides of the web every 4 feet, and 
riveted through. 

C is a double-webbed girder, similarly connected by 
angle irons ; in this case the webs may each be ^ inch 
thick, and stiffened each web on one side by T-irons of 
the dimensions and spacing given for single-webbed 
girders. 

BuLE. — To find the sectional area of one. flange of a cast" 
iron girdet* in square inches, wider a uniformly distributed 
loadf 7nultiply the load in tons by the span m feet, aiul 
divide by the depth in inches. 

Example. — Let the load be 8} tons, the clear span of 
the girder 18 feet, and its depth between flanges 11 inches. 
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8*5 tons distribnted load 
13 feet clear span 



255 

85 



Depth in inches 11)110-50 

10*04 square inches of sectional area 
^==^ of flange. 

The flanges in this case would be 10 inches wide and 
1 inch thick, making the total depth of the girder over the 
flanges 18 inches. Generally cast-iron girders are made 
with a smaller top flange in the ratio of 4 to 1, but for 
cases such as those with which we are now dealing, the 
broad top flange is generally required to give a good bearing. 

To find the sectional area of one flange in either B or C 
we have the following :•— 

Rule. — Multiply the distributed load in tons by the span 
in feet y and by '875, and divide the product by tlie depth in 
inches: the quotient will be the sectional area of one flange 
in square inches. 

Example. — Let the load be 11^ tons, the span 12 feet 
6 inches, and the depth between flange plates 14 inches. 

11*5 tons distributed load 
12' 5 feet clear span 



575 
230 
115 



( 2)143-75 
Depth in inches 14 < 



( 7) 71-875 

10-26 square inches sectional 
— — area of flange. 
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This sectional area will be made up by the flange plate 
and by the horizontal limbs of the angle irons ; if these 
latter, the angle irons, are of the (for small size girders) 
usual size, 8 inches by 8 inches by i inch, the two hori- 
zontal limbs will together make up three sectional square 
inches, which, deducted from 10*26 square inches, leaves 
7*26 square inches to make up in the flange plate ; if, then, 
we use a plate a foot wide and | inch thick we shall have, 
as i is equal to '625, 

*625 inches thick 
12 inches wide 



7*500 sectional square inches. 

An amount slightly in excess of that calculated. 

Without far exceeding the space at our disposal, we 
cannot further exemplify the different forms of framework, 
but the remarks we have made should be sufficient to 
guide the practical man or student to the right coarse to 
pursue in any case. 

There are several points always cropping up which one 
would imagine common sense would settle ; one is that a 
heavy wheel should not be put outside a bearing if it can 
be avoided, but an instance came under our notice some 
years since where the fly-wheel of a factory engine being 
on the outer end of the main shaft, came off while the 
engine was running at full speed, the result being, as may 
be imagined, that the wheel rolled through the works de- 
stroying everything in its course until its momentum was 
expended. 

As a general rule also, a bed of good concrete (1 part 
barrow lime to 5 parts clean gravel) is more reliable for a 
foundation than one built up of stone, for if any of the 
stones be laid on SihoUowbed they are almost certain to crack. 
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COUNTERBALANCES AND THEIR EQUIVALENTS. 

The inconvenience arising from the vibration and sadden 
shocks arising in machines having heavy elements in reci- 
procating motion, and from the disturbance ensuing from 
the rotation of excentric masses, has for many years occu- 
pied the attention of some of our most skilful and pains- 
taking mechanicians, but we cannot, even now, say that a 
perfect remedy has ever been approached. 

Take, for instance, one of the most familiar oases, that 
of the locomotive engine, and consider the disturbing 
influences called into play when it is working. 

In the first place, the steam entering the cylinder 
presses equally upon the piston and upon the cylinder cover 
and, as the frame of the locomotive is not fixed on a 
foundation, a certain rebound must occur, its extent de- 
pending in great measure upon the weight of the engines 
and boiler ; this rebound will change in direction at each 
stroke of the piston, and, as one piston is a quarter of a 
revolution, or half a stroke, in advance of the other, the 
result of all the rebounds will be to produce a sort of 
wriggling motion in the frame of the engine. Next, we 
have the sudden reversal of the direction of motion in the 
heavy reciprocating masses, and the swing of the cranks 
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and excentrlcs ; this latter produces a vertical movement, 
the first disturbance being lateral. 

Now it is very evident that these various forces acting, 
we may say, in all directions, must produce most destruc- 
tive strains upon the framework, as well as on the work- 
ing parts of such machines as are subjected to them ; 
hence the necessity of devising some method of, as far as 
possible, eliminating such injurious effects. 

There is, moreover, a loss of efficiency in suddenly 
changing the direction of motion of a mass reciprocating 
in a straight line, as at each change the whole of the 
momentum of the mass must be absorbed before its mo- 
tion can be reversed, and this absorption will generally 
be at the expense of the various bearings, so that the 
energy represented by that momentum is not only lost 
but has actually a destructive effect. 

The reaction of the steam against the cylinder cover 
has never been satisfactorily eliminated, though some 
years back Mr. Bodmer endeavoured to prevent any 
external disturbance by using two pistons in one cylinder: 
the upper piston-rod was tubular, the lower one passing 
through it. In this contrivance the pistons would at one 
end of the stroke of the engine be together in the centre 
of the cylinder, and at the other end of the stroke one 
piston would be at each end of the cylinder. The mod^ 
of action was as follows : Assuming at the start that the 
pistons are together, the steam is admitted between them, 
forcing one up and the other down, and thus producing no 
pressure on the cylinder ends ; on the return stroke the 
steam is admitted above the top piston and below the 
bottom one, and they are again brought together; and 
at the same time the steam acts equally upon the top and 
bottom covers of the cylinder, and therefore, acting equally 
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in both directions, does not tend to displace the cylinder. 
The engine, however, so constructed, is too cumbersome 
and costly to gain favoui*, and therefore has dropped out 
of sight, but the method is worth attention, as it may be 
applicable to some descriptions of machinery. 

There does not seem any reason why a properly designed 
two-piston cylinder arrangement should not be adapted to 
the locomotive engine, in order to reduce, or altogether ob- 
viate, the wriggling movement alluded to on a previous page. 

In this case the general disposition of the parts would 
be as shown in diagram form at Fig. 51. 

Fig. 61. 




a is the steam cylinder, in which work the two pistons 
bb^, running in opposite directions, and acting on cranks 
c c^, on the shafts of which are fixed the coupled driving- 
wheels dd^. In this arrangement it is evident that no 
longitudinal oscillation can come upon the frame from the 
steam cylinder, as when the steam is acting beticeen the 
pistons b b^ there is no pressure on the cylinder ends, and 
when the steam is acting outside the pistons the steam 
pressure is the same on both ends of the cylinder ; hence 
there can be no tendency to disturb it. 

We will now pass on to the equilibrating of cranks and 
other excentrically disposed revolving masses. 

In regard to a crank, considered by itself, it may be 
counterpoised by placing a similar weight symmetrically 
on the opposite side of the centre ; or, as is often done in 
the case of engines^ of moderate size, the crank may be 

m8 
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replaced by a circnlar disc, in which the crank pin is fixed, 
and which will, of conrse, ran equably npon its bearings. 
This, however, though getting rid of the crank disturbance, 
does not compensate for that of the connecting-rod, of which 
half the weight (more or less according to its form) rests 
upon the crank pin. This weight having been accurately 
determined, should be counterpoised by one producing equal 
effects on the opposite side of the centre of the crank shaft. 

If, however, we counterpoise the crank and connecting- 
rod together by a weight fixed in the fly-wheel of a 
stationary or the driving-wheel of a locomotive engine, the 
weight of such counterpoise may be determined in the 
following manner : — 

Determine the position of the centre of gravity of the 
crank, with its crank pin attached, which may be calculated 
or ascertained practically by finding the point on which 
the crank will balance when suspended, the distance of 
this point from the centre of the crank shaft in inches is to 
be measured, then the weight of the crank in Ibs.y multiplied 
by the distance of its centre of gravity from the centre of the 
crank shaft in inches, will give the moment of force due to 
gravity about the centre of revolution. This is the moment 
to be counterpoised, so far as the crank itself is concerned. 
Now for the connecting-rod. The centre of gravity of this 
is to be determined in like manner, and the distance of 
that point from the centre of the piston-rod, in inches, 
measured, as likewise the length of the connecting-rod in 
inches from centre to centre of bearings. Then the part 
of the weight carried by the crank pin will be found by 
multiplying the weight of the connecting-rod, in lbs,, by the 
distance of its centre of gravity from the centre of its bearing 
on the piston-rod head, in inches, and dividing the product by 
the length, in inches, of the conneciing^rod between centres. 
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The moment of this force, in inchAhs,, mU be the weight on 
crank pin, multiplied by the radius of the crank. 

These two moments are to be added together, and their 
sum being divided by the distance, in inches, of the centre of 
gravity of the counterpoise from the centre of the crank shaft, 
the quotient wiU be the weight, in lbs,, of the counterpoise. 

Let ns take an example where the radios (of the single 
crank) is 12 inches, its weight 88 lbs., and its ascertained 
centre of gravity 5 inches from its centre of rotation. 
Let the connecting-rod be 4 feet (48 inches) long, between 
centres, and its weight 77 lbs., its centre of gravity being 
28 inches from the centre of the piston-rod head. Then 
we find the required moments thus : — 

88 lbs., weight of crank 
6 inches, centre of gravity to centre of shaft 

190 inch-lbs., moment of crank. 

77 lbs., weight of connecting-rod 
28 inches, centre of gravity to cen- 
tre of head of piston rod 



616 
154 



'^"Atrcre' ) ^8)2166(*44.91 lbs. on crank pin 



192 

286 
192 

440 
482 



80 
48 

82 
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*44*91 lbs. on crank pin 

12 inches, radius of crank 

8982 
4491 



538*92 inch-lbs.y moment of connecting-rod. 

Let the distance of the centre of gravity of the counter- 
poise be fixed at 25 inches from the centre of the crank 
shaft. 

Distance of i 
centre of 5d8'92inch-lbs.,momentofconnecting-rod 
gravity of 190-00 „ ., crank 

counter- 
poise from 
centre of 
shaft in 
inches. . 



1 25)728-92(29-15 lbs., weight of counterpoise 
60 

228 
225 



89 
25 

140 
125 

15 



In coupled locomotives the coupling-rods must also be 
counterpoised, the calculations being made in a similar 
manner. 

In a four-coupled engine each crank pin will carry half 
the weight of a coupling-rod, and in a six-coupled engine 
the crank pin of the centre wheel will carry half the whole 
length of coupling-rod, and those on the leading and trailing 
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wheels will carry one quartei' each of the whole length of 
coupling-rod. 

The movements of the excentrics are so small in ampli- 
tude as not to require any special counterpoise absolutely, 
though, of course, the more thoroughly an engine is 
counterbalanced the better will be its performance, and its 
durability will be also proportionately increased. 

Up to this point we have dealt almost exclusively with 
the counterbalancing of steam engines ; but it is evident 
that those elements treated of will also occur in other 
classes of machinery under precisely similar conditions, so 
that the above rules will also apply to them wherever they 
may occur. 

We will now, however, devote our attention especially 
to machinery generally, and show how to reduce the 
inconveniences arising from the various cam and other 
motions constantly coming under our notice. 

No doubt it will be immediately objected by many that 
by counterbalancing the elements of a machine we mate- 
rially add to its weight, and this is undoubtedly true ; but 
it does not follow that it is not the better course to pursue, 
for, if by the addition of certain inexpensive dead weight, 
we can insure a smoother running of any machine, and 
so prevent it from knocking itself to pieces, it is certainly 
true economy to add such weight. 

The most troublesome movements to counteract are 
those of a percussive character, occurring in machines 
carried in continuous iramework. The frame of a steam 
hammer is, of course, not affected by the concussion, as 
the anvil is distinct from the standards and has its own 
special foundation. In small machinery, that is machi- 
nery in which the elements are small, edge cams may be 
used without any counterbalance, as their weights are 
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quite inconsiderable in proporticn to the balk of the 
framework , bnt when the cams are of considerable size 
they should be counterbalanced, unless instead of using 
edge cams we can introduce- grooved face cams, a method 
which is analogous to using a disc instead of a crank. 
We take, for example, a large edge cam of the form shown 
at Fig. 52. a is the cam shaft carrying the cam c, which 
operates on the two rollers b b, carried on dead centres 
fixed in the bar e e. This bar, being carried in suitable 
guides is caused to move longitudinally back and forth at 

Kg. 62. 




each revolution of the cam c, which is so set out that all 
lines drawn through its centre of rotation and terminated 
by its perimeter shall be of equal length. The recipro- 
cating bar ee is slotted, as shown by the dotted line, in 
order to allow of its clearing the cam shaft. The amount 
of travel given to the bar e e will be equal to df. 

Now it is evident that such a cam unbalanced will, even 
if revolving at a moderate velocity, give rise to a good 
deal of chattering, and it is also evident that putting a 
counterbalance on the other side of the centre of rotatiou 
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would be a clumsy arrangement, so we should, where it 
can conveniently be managed, replace such a cam by a 
face cam or disc, having a groove of the required shape 
cut in it. 

One friction roller only will then be required ; it will 
be carried on a dead centre on the sliding bar, and will 
fit so as to run easily in the groove of the face of the disc, 
which will, of course, rotate with a steady motion. 

When cams are used to produce a percussive effect 
through the medium of dies, by using a double action, 
the strain may be confined to the cam shaft and so kept 
clear of the framing ; and the advantage of this is that 
the jarring consequent upon each blow affects no other 
element of the machine but that to the action of which it 
is due; this is rather 
an important matter in 
machines making two 
or three hundred revo- 
lutions per minute. 

A suitable arrange- 
ment is shown at 
Fig. 58. 

a 6 is an arm fixed 
at b and furnished with 
a clip at i to hold the 
work while it is operated 
on by the die A;, carried 

at the end c of the arm c d, which moves on a dead 
centre at dj being held in the position as illustrated 
by a spring not shown in the figure. / is a plain disc 
keyed on the cam shaft e e, which also carries the face 
cam g (the part of ee between / and g is omitted to show 
the arms a b, c d), having a camber h which, coming against 
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the upper part of A; (2 at every revolation, drives the die 
A; towards the clip i, which latter is sustained against the 
hlow hy the disc/, upon which the friction roller g always 
bears; thus the only effect upon the machine of the 
strain put upon k and i is to bring tensile strain upon 
that part of the cam shaft e e which lies between the disc 
/ and the cam g, Z is a friction roller behind the die k. 

We might extend these remarks almost without limit, 
but having dealt with various typical cases we shall now 
pass on to the next chapter. 
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CHAPTEK XXIT. 



REPAIRS AND ADDITIONS TO MACHINERY. 

The repairing branch of the mechanical engineering busi- 
ness is much more extensive than might at the first thought 
be expected, and it may be incidentally mentioned that it 
is also very remunerative, as it being almost impossible to 
estimate the cost of ordinary repairs they are charged for 
according to the time and material actually expended. 

In all descriptions of machinery manufactured for 
abroad, and especially for the colonies where skilled labour 
is not obtainable, care should be taken that before it leaves 
the works the working drawings are examined, and, if 
necessary, corrected so as to agree exactly with the work 
as executed in every detail; then at any future time, if any 
part of the machine breaks down or wears out, the makers 
can prepare a new part to the drawings and dispatch it to 
its destination perfectly confident that it will properly fit 
into its place on ai rival. Very frequently in repairing 
old machinery, especially steam engines, endeavours are 
made to improve its working, but such improvements 
must not be rashly approached ; due consideration must 
be given after a careful examination of the existing 
machine. 

The great tendency at the present time towards improved 
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efficiency is by the use of increased and increasing steam 
pressures and high degrees of expansion; therefore, in 
introducing these advanced ideas in dealing with old- 
fashioned machinery we must first make sure that the 
various parts are of sufficient strength and stability to 
withstand the increased pressures. 

It is almost startling to look back to the days of 7 lbs. 
per square inch steam pressure and then see our locomo- 
tives running under 140 lbs. per square inch ; but tho 
economy all ways is undoubted, for higher rates of pres- 
sure mean reduced capacity of cylinder, and therefore 
reduced prime cost, and also a saving of space occupied, 
and a higher degree of expansion means saving in con- 
sumption of fuel. 

Patching up a boiler is often a very unsatisfactory job, 
and in the long run it would frequently be much cheaper 
to have a new boiler at once. An instance came under 
our notice some years back of a boiler working at a silk 
mill near Lewisham, where the boiler to be repaired was 
so deteriorated that on unsetting it and tapping the bot- 
tom with a hammer the hammer went clean through the 
plate, showing clearly that at that point it was only the 
setting that prevented it from bursting. 

The safety-valve had no proper weights upon its lever, 
but from a calculation of the lumps of scrap iron hung 
upon it, it turned out that the valve lifted at 44 lbs. 
per square inch. In this case the employes were certainly 
working at the peril of their lives, for if that boiler had 
yielded at the bottom the shell would have been hurled 
upwards, to the destruction of the surrounding buildings. 

Becaulking boUers is an operation requiring great care, 
as there always exists a tendency to split the edges of the 
plates. If we can ascertain certainly what plates are 
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sound and vfhtLi are defective, we can cut the latter out 
and replace them by new plates, but the difficulty consists 
in ascertaining the actual condition of the various plates, 
for, as has been instanced above, a plate may be in such 
a position that unless the boiler be removed from its set- 
ting its condition cannot be ascertained with any approach 
to certamty. While speaking of the damage resulting 
from endeavours to patch up boilers, we may mention that 
some eighteen years since the boilers of a Thames steamer 
began leaking at the tube plates ; the engineer in charge 
had the ferrules tightened up by driving in a mandril, the 
result being that the tube plates were cracked, and for 
that season the boat had to go slow, and for the ensuing 
season it was found necessary to fit new boilers in. In 
riveting boiler plates we would here strongly deprecate 
the practice of driving the ** snaps " until they cut deeply 
into, and so weaken, the boiler plates. 

Alterations to valve gear, where practicable, also form 
a favourite mode of improvement ; but how far we can pro- 
ceed in this direction will depend upon the arrangement 
of the existing parts, or whether it is thought worth while 
going to the expense of a new cylinder. 

It may be advisable here to explain the direction to take 
in improving the valve gearing of an old engine. 

Suppose the engine has been running with a short slide 
valve having ** lap " on it to give a cut-oflf at, say, three- 
quarters of the stroke, and now we want to cut off at a 
fourth of the stroke, the best plan will be to take off all 
the " lap " from the slide valve, and put upon the back of 
the valve chest a separate expansion valve, which may be 
worked by cams or by an eccentric and link so as to fur- 
nish an adjustable cut-off. Expansion valves of this 
description are usually made in the form of a gridiron, and 
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therefore are called gridiroii valves ; the advantage attend- 
ing their nse is that a large steam area is opened or closed 
by a very small movement or travel of the valve, in a 
direction at right angles to the length of the slits. At 
Fig. 54 is shown a longitudinal section of a gridiron valve 
and its seating on the top of the ordinary valve-box. 

a is part of the interior (broken off) of the ordinary 
valve chest, the back of which is pierced hi dd with a 
number of narrow transverse slits as shown ; b is the in- 
terior of the expansion valve chest, wherein is placed the 

Fig. 64. 




gridiron expansion valve c c ; of course the bottom face of 
the expansion valve and the top of the ordinary valve 
chest are carefully surfaced so as to fit steam-tight. It 
will be seen that we show the slits as widening out in 
each direction from the surfaces of contact ; this is to 
allow as free a passage as possible for the steam. ^ is a 
lug on the front end of the valve through which tiie valve- 
rod/ passes, being thereto secured by nuts on each side 
of the lug as shown. The valve -rod passes through a 
stuffing-box g in the ordinary manner ; A is the end of the 
steam pipe. An inspection of this section shows that by 
moving the valve the distance of one slit, the area of nine 
slits is opened or closed, practically, instantaneously. 

The total area of the expansion valve should exceed 
that of the steam port ; about one and a half times the 
area is a good proportion if there is room to obtain it. 
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We fat prefer this description of cut-oflf valve to any of 

the noisy and fanciful trigger valves that have attracted 

the notice of some hyper- theoretical mechanicians, and we 

helieve they are practically quite as efficient and much 

more durable. If we are called upon to deal with an 

engine having the top and bottom ports quite distinct from 

each other we can, of course, put in what valves we please, 

and manage the cut-off without a separate expansion valve. 

For particular forms of slide valves the reader is referred 

to the author's treatise on '' Mechanical Engineering.*' "* ' 

It will be remembered that the rule for the thickness of 

steam-engine cylinders includes a considerable allowance 

for cross strain and vibration ; let us now see what will 

be the difference of thickness necessary in a 25-inch 

cylinder between the pressures of 20 lbs. per square inch 

and 60 lbs. per square inch, following the rule given at 

page 80. 

20 lbs. pressure of steam 
25 inches diameter of cylinder 

100 
40 



Constant 440)500(1-18 (a) 

440 



600 
440 

1600 
1820 

280 



* ** A Practical Treatise on Mechanical Engineering." By Francis 
Campin, O.B. Crosby Lockwood & Co., 7, Stationers* Hall Court, 
London. 
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1-13 (a) 

5*00 square root of diameter 

8)618 

•766 inches thickness 

60 lbs. pressure of steam 

25 inches diameter of cylinder 

800 
120 

Constant 440)1500(8-40 {b) 

1820 



1800 
1760 

400 



8-40 {b) 

600 square root of diameter. 

8)8-40 

1-05 

The difference here is about i inch, and it will often 
happen that in the first instance a good allowance (especially 
in old engines) has been made ; at all events we can ascer- 
tain what is a safe pressure for the given cylinder from 
the following : — 

Rule. — From eight times the thickness in inches of the 
cylinder subtract tJie square root of the diameter in inches^ 
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divide the remainder by the diameter, and multiply the quo- 
tient by 440 ; the product uHl be the maximum sa/e-workituj 
pressure in lbs, per square inch. 

Let the cylinder be 18 inches in diameter and i ('875) 
inch in thickness. 

*875 inch thickness of cylinder 
8 constant 



7000 

4*242 sqaare root of diameter (18 ins.) 



Diameter m ins. 18)2*7 58(-163* 

18 



95 
90 

58 
54 

4 



*1 58 * quotient 
440 constant 



6120 
612 



67*820 lbs. per sqaare inch safe pressure. 

In making additions to machinery it will often be ne- 
cessary to renew some of the already existing parts, as in 
the example of the expansion valve, where the ordinary 
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valve box mnst be altered to adapt it to receive the 
expansion valve chest. 

In arranging, in the first place, the plant of a factory, 
thought should be given to the future probable extension 
of the works, for by so doing when the time for extension 
arrives much inconvenience and expense may be saved ; 
for instance, if it is intended at some future time to couple 
another engine on to the first the bed plate should be cast 
with proper arrangements for the necessary connections, 
and the crank shaft should in the first instance be made 
sufficiently long and also of proper diameter to transmit 
the power of the two engines. 

In some cases, especially engines for draining mines, 
the additional power is obtained by altering the rate of 
expansion as the amount of drainage water increases. Thus 
by putting down in the first instance an engine that will 
do the work with a cut-off of one-sixth or less, and as the 
work upon it increases altering that cut-off gradually up 
to, say a fourth or a third, the requisite additional power 
is obtained, though, of course, at the expense of economy, 
the consideration of which will vary in importance with 
the district in which the engine is working ; thus at the 
mouth of a coal-pit, where slack costs next to nothing, 
economy of working is a very minor consideration. 

In renewing the bearings of these outdoor engines, cast 
iron may be used instead of brass or gun-metal, and with 
advantage, for while it answers the purpose very well it is 
not so likely to be stolen. It may seem curious to talk 
about stealing engine bearings, but such cases have come 
under our own personal knowledge. 

Some strange mistakes are made at times in small 
works where the machinery may be in the charge of an 
intelligent engine-driver, who thinks he is competent to 
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advise on the qnestion of improvements. An amusing 
case of this sort occurred some years since at some water 
works near Dorking, in Surrey. The pumps were in the 
first instance driven hy a water-wheel, and when it was 
considered that some auxiliary power was necessary, the 
proprietors put down in the wheel pit a small oscillating 
engine, ahout 12 inches in diameter, geared to the wheel 
shaft to help in turning it ; the steam pipe, moreover, 
from the hoiler to the cylinder was about 200 feet long. 
The absurdity of this arrangement is obvious, for, placed 
as that small oscillating cylinder was in the damp wheel 
pit, it would make a good surface condenser to condense 
such steam as reached it through the great length of boiler 
pipe. 

The probability, if not indeed the fact, of the case is 
that the addition of the engine had the effect of increasing 
instead of diminishing the duty of the water-wheel. 
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CONCLUSION. 



In concluding the present work it is necessary briefly to 
revert to the particular subjects brought within its scope, 
and also the general mode of dealing with them. 

Our pages being devoted to the consideration of 
mechanical details, must necessarily appear in a somewhat 
piecemeal form, being classed according to the duties 
they are designed to perform, and not according to the 
machines of which they form component parts ; thus a 
crank has the same duties to perform whether it be on a 
pump or a steam engine, and analogous remarks will apply 
to other mechanical details. 

The larger and more costly works on steam and other 
machinery supply general ideas and illustrate examples of 
the work complete, but do not devote much space to the 
consideration of these minor details, which, although they 
appear insignificant in comparison with the whole bulk of 
the machine, are yet quite as essential to it as the appa- 
rently more important and active elements, for the failure 
of one bolt or one lug may cause the destruction of the 
entire machme. 

The requirements of junior draughtsmen and foremen 
engineers have been especially considered in the prepara- 
tion of this work, and every effort made to render all rules 
find calculations in the simplest and clearest forms. 
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In the space at oar disposal it would evidently be oat 
of the question to attempt to treat all kinds of mechanical 
details, bat we have endeavoared to select sach typical 
examples as may generally cover the ground contem- 
plated. 

A young draughtsman who has received only general 
instructions as to the preparation of working drawings for 
certain machinery, may often find himself at a loss, or in 
doubt, as to some of the details, and those who have not a 
lengthened ei^perience will be unable to decide at sight 
some of the important though minor points that present 
themselves. In such a case this treatise should be of 
value either to instruct or to confirm an already formed 
opinion. 

It is also highly desirable that apprentices, pupils, and 
students should inquire very carefully into the duties of 
all the details of the machines to which they have access, 
and from these to build up the complete work. 

In inventing new machinery or adapting an existing 
class of machines to a new purpose, there is generally a 
good deal of tentative work, involving much alteration 
and a generally step-by-step mode of procedure, and more 
especially in new machines for manipulating materials, 
the properties of which have not previously been exhaus- 
tively ascertained. Thus, for instance, in certain fax 
machinery consisting of successive pairs of rollers, it is 
necessary for the rollers, which are variously grooved, to 
increase from pair to pair from the feed end towards the 
delivery, but it had to be determined by experiment what 
amount of increase should be given to the perimeters of 
each succeeding' pair of rollers, for with too little the 
machine would be constantly choking up, and with too 
much the fibre of the material under treatment would be 
torn. 
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No practical man need be ashamed to have to make 
such trials, and even in such work as setting out compli- 
cated cams for new machines, it is convenient to make 
test models of thin wood or stent cardboard to see that 
they produce the required motion before putting the work- 
ing drawings into the hands of the pattern makers and 
others engaged in the actual execution of the work. 

The importance of calculating all elements that admit of 
being so treated can hardly be overrated, for it certainly 
is not satisfactory to slavishly copy the work of another 
man's hand without ascertaming that a proper margin of 
strength has been allowed without introducing an extra- 
vagant amount of material. 

We cannot close our observations without endeavouring 
to impress upon all connected with engineering work the 
moral duty of acting honestly and conscientiously both as 
to materials and workmanship, for in the long run it will 
be found that trickery only leads to disgrace, whereas 
superior work cannot fail to establish a lasting reputation 
for the firms producing it. And the desire to produce 
the best quality should rest not only with the heads of 
firms, but also permeate all the assistants and workmen 
in their employ. Of course, these principles must emanate 
from the fountain-head, otherwise good materials will not 
be available, and to work upon bad stuff must prove dis- 
couraging to 31 skilled artisan. 
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ACCUMULATED work, 174 
Accumulator, 67 
„ loads, 68 
Air-lift, 63. 
Anchor plates, 181 
„ rings, 238 
Angular velocities of gearing, 33 
Area of steam ports, 77 
safety-valve, 128 
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BED guides, 204 
Bending angle-irons, 136 
Bodmer's engine, 248 
Boilers, strength of shell, 122 
„ „ flue tube, 123 

99 „ stayed sur- 

faces, 124 
Boilers, strength of stays, 125 
Bolts, strength of, 225 
Boring tools, 144 

CAMBER of girders, L39 
Cams, 209, 254, 255 
Centrifugal force, 176 
Chains, strength of, 16 

„ flat link, 18 
Change wheels, 162 
Counter balances, 247 
Crane, post or wharf, 41, 49 

9, foundations for, 46; 

„ wall or warehouse, 49 

„ travelling, 50 
Crank pins, 188 
Criteria of strain, 138 
Cylinder load, 235 

strength of, 262 
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DEAD centres, 192, 227 
Delivery of pumps, 96 
Diameter of piston-roa, 79 



Diameter of main shaft, 81 

Distance rods, 241 

Drilled and punched holes, 134 

EDGE cams, 209, 254 
Elasticity of materials, 4 
Engines, power of, 82 
Engine frames, 213, 241 
Evan's railway wheel, 108 
Expansion valve, 260 

FACE cams, 255 
Fixed joints, 179 
Flat link chain, 18 
Flow of water tiirough orifices, 93 

„ „ pipes, 94 

Flue tubes, strength of, 173 
Fly-wheel, weight of, 86 
Force, 170 

„ centrifugal, 176 
Foundations of cranes, 46 

GEARING, spur, 26 
Girders, 243 
Girders, camber of, 139 
Gravity, 173 
Gudgeons, 9 
Guide bars, 194 
„ rods, 202 

HOISTS, steam, 70 
Holding-down bolts, 181 
Hooks, crane, 20 
Horse power of engines, 82 
Hydrostatic lifts, 55 
press, 56 

packing, 66 
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TAWS for pulleys, 12 
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LIFT, idr, 63 
,, hydrostatic, 55 
I, steam, 70 
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AIN shaft, diameter of, 81 
Mansell's railway wheels, 
108 



PACKING rings, 220 
Packings, 218 
Pipes, flow of water through, 94 
Piston packing, 143 

„ rod, diameter of, 79 
Planometer, 146 
Plummer blocks, 233 
Point and spring tools, 149 
Post or wharf crane, 41, 49 

,, „ „ foundationsi 

46 
Power, 171 
Pressure or force, 170 
Proportions of wheel teeth, 30 
Pulley, 7 

„ gudgeons, 9 
„ suspending jaw, 12 
Pump leathers, 222 
Pumps, delivery of, 96 
Pump valves, 101 
Punched and drilled holes, 134 

■n EVOLVING joints, 187 

SAFETY-valve, size of, 127 
„ „ load of, 128 

Screw cutting, 151 

Screwed ends, 228 

Screw threads, tahle of, 226 

Screws, V-threaded, 161 
9, cutting lathe, 160 
„ yy „ change wheels, 
162 

Screws, square, 166 

Sellers's turntable, 112 

Side frames, 183 

Slide valve, travel of, 79 

Slide valves, 146 

Spring and point tools, 149 



Spur gearing, 25 

Stand pipes, 103 

Steam hoists, 70 

Strength of chains, 16 
„ cranes, 41 
f, flue tubes, 123 
„ gudgeons, 9 
„ hooks, 20 
ff keys for wheels, 39 
ff main shafts, 81 
„ of boilers, 122 
„ shafts under torsion, 
34 

Strength of shafts under trans- 
verse strain, 36 

Strength of stayed surfaces, 134 
„ stays, 135 
„ teeth of wheels, 26 

Stress on pinions, 31 

Studs, 227 

Super elevation of rails, 178 

Surface plate, 146 

Switches and crossings, 116 

TANGENT screw, 167 
Teeth, proportions of, 30 
Teeth, strength of, 26 
Thickness of steam cylinders, 80 

„ tanks, 130 

Torsion of shafts, 34 
Travelling crane, 60 
Travel of slide valve, 79 
Turntables, 110 

VELOCITY, angular, ol 
wheels, 33 
V-threaded screw, strength of 
161 

WALL crane, 49 
Weight of fly-wheel, 85 
Wharf, 41 

Wheel keys, strength of, 39 
Winches, 22 
Winding engines, 86 
Work, 171 
„ accumulated, 174 
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i" " WEALE'S SERIES includes Test-Books on almost every branch of 
□ce and Industry, compiising such subjects as Agriculture, Architecture 
and Building, Civil Engineering, Fine Arts, Mechanics and Mecbi 
Engineering, Physical and Chemical Science, and many miscellai 
Treatises. The whole are eonstandy undergoing revision, and new editions, 
brought up to the latest discoveries la scientilic research, are constantly 
issued. The prices at which they are sold are as low as their eseellence is 
assured." — American Litiraty Catettc. 

Amongst the literature of technical education, WEALE'S SEMES has ever 
enjoyed a high reputation, and the additions being made by Messrs. CsOSBY 
LOCKWOOD & Co, render the series even more complete, and bring the infor- 
mation upon the several subjects down to the present time." — Mining 
Journal. 

" It is impossible to do otherwise than bear testimony to the value of 
'KALE'S Series."— Engixser, 

"Everybody — even that oufrageous nuisance 'Every Schoolboy' — knows 
e merits of ' Weale's Rudimentary Series.' Any persons wishing to 
acquire icnowledge cannot do belter than look through Weale's Series and 
St all the books they requiru. The Series is indeed an inexhaustible mine 
f literary wealth."— 2"fti Sfetrcjiolitan, 

•■ WEALE'S SERIES has become a. standard as wall as an unrivalled 
sUaotion of treatises in all branches o£ art and science."— PhSHc 0/inion. 
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WEALE'S BUDIMENTABT SCIENTIFIC SE&IES. 




%• The volumes of this Series are freclv Illustrated with 
Woodcuts, or otherwise, where requisite. Throughout the fol- 
lowing List it must be understood that the books are bound in 
limp cloth, unless otherwise stated ; but the volumes marked 
with a t may also be had strongly bound in cloth boards for 6d, 
extra, 

N.B. — In 'ordering from this List it is recommended^ as a 
means of facilitating business and obviating error y to quote the 
numbers affixed to the v<AumeSy as well as the titles and prices. 



No. ARCHITECTURE, BUILDING, ETC. 

16. ARCHITECTURE^ORDERS-'The Orders and their iEsthetic 

Principles. By W. H. Lbbds. Illustrated, is. 6d. 

17. ARCHITECTURE^STYLES—T^kQ History and Description of 

the Styles of Architecture of Various Countries, from the Earliest to the 
•V Present Period. By T. Talbot Bury, F.R.I.B.A., &c. Illustrated, as. 
\* Orders and Styles of Archithcturb, in One Vol.. \s. 6d. 

18. ARCHITECTURE-^DESIGN-^TYiQ Principles of Design ia 

Architecture, as deducible from Nature and exemplified in the Works of the 

Greek and Gothic Architects. ByE.L.GARBBTT, Architect. Illustrated. 2s.6d. 

%• The three preceding Works, in One handsome Vol., half bound, entitled 

" Modern Architecture," price 6j. 

22. THE ART OF BUILDING, Rudiments of. General Principles 

of Construction, Materials used in Building, Strength and Use of Materials, 
Working Drawings, Specifications, and Estimates. By £. Dobson, 2s4 

23. BRICKS AND TILES, Rudimentaiy Treatise on the Manufac- 

ture of; containing an Outline of the Principles of Brickmaking. By Edw. 
Dobson, M.R.I.B. A. With Additions by C. Tomlinson, F.R.S. Illustrated, ^s.t 

25. MASONRY AND STONE CUTTING ; in which the Principles 
of Masonic Projection and their application to the Construction of Curved 
' Wing- Walls, Domes, Oblique Bridges, and Roman and Gothic Vaulting, 
are explained. By Edward Dobson, M.R.I.B.A., &c. as. 6d4 

44. FOUNDATIONS AND CONCRETE ^OieATlS', a Rudimentary 

Treatise on ; containing a Synopsis of the principal cases of Foundation 
Works, with the usual Modes of Treatment, and Practical Remarks on 
Footings, Planking, Sand, Concrete, Beton, Pile-driving, Caissons, and 
Cofferdams. By £. Dobson, M.R.I.B.A., &c. Fifth Edition, revised, zs. 6d 

42. COTTAGE BUILDING, By C. Bruce Allen, Architect 

Ninth Edition, revised and enlarged. Numerous Illustrations, is. 6d. 

45. LIMES, CEMENTS, MORTARS, CONCRETES, MASTICS, 

PLASTERING, &c. By G. R. Burnell, C.E. Twelfth Edition, is. 6d. 

57. WARMING AND VENTILATION, a Rudimentary Treatise 
on ; being a concise Exposition of the General Principles of the Art of Warm- 
ing and Ventilating Domestic and Public Buildings, Mines, Lighthouses, 
Ships, &c. By Charles Tomlinson, F.R.S., &c. Illustrated. 3s. 

83**. CONSTRUCTION OF DOOR LOCKS, Compiled from the 
Papers of A. C. Hobbs, Esq., of New York, and Edited by Charles Tom- 
UNSON, F.R.S. To which is added, a Description of Fenby's Patent Locks, 
and a Note upon Iron Safes by Robert Mallet, M.I.C.E. IUus. 2s. 6d. 

III. ARCHES, PIERS, BUTTRESSES, &*€,: Experimental Essays 

on the Principles of Construction in ; made with a view to their being useful 
to the Practical Builder. By William Bland. Illustrated, is. 6d. 

116. THE ACOUSTICS OF PUBLIC BUILDINGS; or. The 

Principles of the Science of Sound applied to the purposes of the'Architcct and 
Builder. By T. Roger Smith, M.R.I.B.A., Architect. Illustrated, is. 6d. 

Tlte % indicates that these vols, may be had strongly bound at 6d. extra. 
tONDON; CROSBY LOCKWOOD AND CO.. 
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Architecture, Building, etc., continued, 

127. ARCHITECTURAL MODELLING IN PAPER, the Art of. 

By T. A. Richardson, Architect. Illustrated, is. 6d. 

128. VITRUVIUS—THE ARCHITECTURE OF MARCUS 

VITRUVIUS PC LLC, In Ten Books. Translated from the Latin by 
JosBPH GwiLT, F.S.A., F.R.A.S. With 23 Plates. 5s. 

130. GRECIAN ARCHITECTURE, An Inquiry into the Principles 
of Beauty in ; with an Historical View of the Rise and Progress of the Art in 
Greece. By the Earl of Aberdeen, is. 
•#• The two preceding Works in One handsome Vol,^ half bounds entitled "Ancient 

Architecture," price ts, 
132. DWELLING-HOUSES, a Rudimentary Treatise on the Erection 
of. c Illustrated by a Perspective View, Plans, Elevations, and Sections of a 
pair of Semi-detached Villas, with the Specification, Quantities, and Esti- 
mates, and every requisite detail, in sequence, for their Construction and 
Finishing. By S. H. Brooks, Architect. New Edition, with Plates. 2s. (A.X 

156. QUANTITIES AND ME ASUREMENTS,noyi9 to C2Xc\i\zie2Jid 
Take them in Bricklayers', Masons', Plasterers^ Plumbers*, Painters*, Paper- 
hangers*, Gilders*, Smiths*, ^Carpenters*, and Joiners* Work. By A. C. 
Beaton, Architect and Surveyor. New and Enlarged Edition. Illus. is. 6d. 

175. LOCKWOOD 6* CO:S BUILDER'S AND CONTRACTOR'S 

• PRICE BOOIC, for 1882, containing the latest Prices of all kinds of Builders' 

Materials and Labour, and of all Trades connected with Building, &c., &c. 

Revised and Edited by F. T. W. Miller, Architect and Surveyor. 3s. 6d. ; 

half bound, 4s. 

182. CARPENTRY AND yOINERY—TB.^ Elementary Prin- 
ciples OP Carpentry. Chiefly composed from the Standard Work of 
Thomas Tredgold, C.E. With Additions from the Works of the most 
Recent Authorities, and a TREATISE ON JOINERY by E. Wyndham 
Tarn, M.A. Numerous Illustrations. 3s. 6d.I 

i82». CARPENTRY AND JOINERY, ATLAS of 35 Plates to 
accompany the above. With Descriptive Letterpress. 4to. 6s. ; cloth boards, 
7s. 6d. 

187. HINTS TO YOUNG ARCHITECTS, By George Wight- 

WICK. New, Revised, and enlarged Edition. By G. Huskisson Guillaumb, 
Architect. With numerous Woodcuts. 3s. 6d4 

188. HOUSE PAINTING, GRAINING, MARBLING, AND SIGN 

WRITING : A Practical Manual of, containing full information on the 
Processes of House-Painting, the Formation of Letters and Practice of 
Sign- Writing, the Principles of Decorative Art, a Course of Elementary 
Drawing for House-Painters, Writers, &c., &c. With 9 Coloured Plates of 
Woods and Marbles, and nearly 150 Wood Engravings. By Elus A. 
Davidson. Third Edition, revised, ss. cloth limp ; 6s. cloth boards. 

189. THE RUDIMENTS OF PRACTICAL BRICKLAYING, 

In Six Sections : General Principles; Arch Drawing, Cutting, and Setting; 
Pointing; Paving, Tiling, Materials; Slating and Plastering; Practical 
Geometry, Mensuration, &c. By Adam Hammond. Illustrated, is. 6d. 

191. PLUMBING, A Text-Book to the Practice of the Art or Craft of 

the Plumber. With Chapters upon House Drainage, embodying the latest 
Improvements. Third Edition, enlarged. Containing 300 Illustrations. 
By W. P. Buchan, Sanitary Engineer. 3s. 6d.t 

192. THE TIMBER IMPORTER'S, TIMBER MERCHANTS, 

and BUILDER'S STANDARD GUIDE ; comprising copious and valu- 
able Memoranda for the Retailer and Builder. By Richard £. Grandy. 
Second Edition, Revised. 3s4 

205. THE ART OF LETTER PAINTING MADE EASY. By 

J. G. Badenoch. Illustrated with 12 full-page Engravings of Examples, is. 

206. A BOOK ON BUILDING, Civil and Ecclesiastical, including 

Church Restoration. With the Theory of Domes and the Great IVramid, 
&c. By Sir Edmund Beckett, Bart., LL.D., Q.C, F.R.A.S. Second Edition, 
enlarged, 4s. 6d.t 



The X indicates that these vols, may be had strongly bound at 6d. extra, 
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Architecture, Building, etc., continued. 

226. THE yOINTS MADE AND USED BY BUILDERS in the 
Construction of various kinds of Eng^ineering and Architectural Works (A 
Practical Treatise on). With especial reference to those wrought by Arti- 
ficers in Erecting and Finishing Habitable Structures. By Wyvill J. 
Christy, Architect and Surveyor. With upwards of One Hundred and Sixty 
Engravings on Wood. 3s. t \_yusi published. 

228. THE CONSTRUCTION OF ROOFS OF WOOD AND IRON 

(An Elementary Treatise on). Deduced chiefly from the Works of Robison, 
Tredgold, and Humber. By E. Wyndham Tarn, M.A., Architect. With 
numerous Illustrations, xs. 6d. {Just published. 

229. ELEMENTARY DECORATION: A Guide to the Simpler 

Forms of Everyday Art, as applied to the Interior and Exterior Decoration 
of Dwelling-Houses, 8cc. By James W. Facey, Jun. Illustrated with 
Sixty-eight explanatory Engravings, principally from Designs by the 
Autnor. 2s. [Jtist published. 

230. HANDRAILING (A Practical Treatise on). Showing New and 

Simple Methods for finding the Pitch of the Plank, Drawing the Moulds, 
Bevelling, Jointing-up, and Squaring the Wreath. By George Collings. 
Illustrated with Plates and Diagrams, xs. 6d, [Just published. 

CIVIL ENGINEERING, ETC. 

2 [9. CIVIL ENGINEERING. By Henry Law, M.Inst. C.E. 

Including a Treatise on Hydraulic Engineering by Geo. R. Burnbll, 

M.Inst.C.E. Sixth Edition, revised, with Large Additions on Recent 

Practice in Civil Engineering, by D. Kinnbar Clark, M.Inst. C.E., 

Author of "Tramways : Their Construction," 8cc. 6s. 6d., Cloth boards, 7s. 6d. 

31. WELL-DIGGING, BORINGy AND PUMP-WORK, By John 

George Swindell, A.R.I.B.A. New Edition, by G. R. Burnbll, C.E. xs. 6d. 

35. THE BLASTING AND QUARRYING OF STONE, for 

Building and other Purposes. With Remarks on the Blowing up of Bridges. 

By Gen. Sir John Burgoynb. Bart., K.C.B. Illustrated, xs. 6d. 

62. RAILWAY CONSTRUCTION, Elementary and Practical In- 

structions on the Science of. By Sir M. Stephenson, C.E. New Edition, 

by Edward Nugent, C.E. With Statistics of the Capital, Dividends, and 

Working of Railways in the United Kingdom. By E. D. Chattaway. as. 

8o*. EMBANKING LANDS FROM THE SEA, the Practice of. 
Treated as a Means of Profitable Employment for Capital. With Examples 
and Particulars of actual Embanlcments, &c. By J. Wiggins, F.G.S. 2s. 

81. WATER WORKS, for the Supply of Cities and Towns. With 
a Description of the Principal Geological Formations of England as in- 
fluencing Supplies of Water ; and Details of Engines and Pumping Machinery 
for raising Water. By Samuel Hughes, F.G.S., C.E. New Edition. 4s.t 

117. SUBTERRANEOUS SURVEYING, an Elementary and Prac- 
tical Treatise on. By Thomas Fenwick. Also the Method of Conducting 
Subterraneous Surveys without the Use of the Magnetic Needle, and other 
Modem Improvements. By Thomas Baker, C.E. Illustrated. 2s. 6d.t 

ri8. CIVIL ENGINEERING IN NORTH AMERICA, a Sketch 
of. By Davtd Stevenson, F.R.S.E., &c. Plates and Diagrams. 3s. 

197. ROADS AND STREETS {THE CONSTRIICTIPN OF), 
in two Parts : I. The Art of Constructing Commpn Roads, bjr Henry 
Law, C.E., revised by D. K. Clark, CE. ; II. Recent Practice, mcluding 
pavements of Stone, Wood, and Asphalte, by D. K. Clark. 4s. 6d.t 

203. SANITARY WORK IN THE SMALLER TOWNS AND IN 
VILLAGES. Comprisingr .' — i. Some of the more Common Forms ot 
Nuisance and their Remedies ; 2. Drainage ; 3. Water Supply. By Charles 
Slagg, A.I.C.E. 2s. 6d.t 

212. THE CONSTRUCTION OF GAS-WORKS, and the Manu- 

facture and Distribution of Coal Gas. Originally written by Samuel 
Hughes, C.E. Sixth Edition, re- written and much Enlarged by Willlam 
Richards, C.E. With 72 Illustrations. 4s. 6d.t 

213. PIONEER ENGINEERING. K Treatise on the Engineering 

Operations connected with the Settlement of Waste Lands in New Coun- 
tries. By Edward Dobson, Assoc. Inst. C.E. 4s. 6d.t 

The % indicates thai these vols, may be had strongly bound at 6d. extra. 
LONDON: CROSBY LOCKWOOD AND CO., 
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MECHANICAL ENGINEERING, ETC. 

33. CRANESy the Construction of, and other ^lachinery for Raising 

Heavy Bodies for the Erection of Buildings, and for Hoisting Goods. By 
Joseph Glynn, F.R.S., &c. Illustrated, is. 6d. 

34. THE STEAM ENGINE. By Dr. Lardner. Illustrated, is. 6d. 
59. STEAM BOILERS: their Construction and Management. By 

R. Armstrong, C.E. Illustrated, xs. 6d. 
67. CLOCKS, WATCHES, AND BELLS, a Rudimentary Treatise 

on. By Sir Edmund Beckett (late Edmund Beckett Denison), LL.D., Q.C. 

A New, Revised, and considerably Enlarged Edition (the 6th), with very 

numerous Illustrations. 4s. 6d. cloth limp ; 5s. 6d. cloth boards, gilt. 
Zz. THE POWER OF WATER, as applied to drive Flour Mills, 

and to give motion to Turbines and other Hydrostatic Engines. By Joseph 

Glynn, F.R.S., 8cc. New Edition, Illustrated. 2s4 
98. PRACTICAL MECHANISM, the Elements of; and Machine 

Tools. By T. Baker, C.E. With Additions by J. Nasmyth, C.E. 2s. 6d4 
139. THE STEAM ENGINE, a Treatise on the Mathematical Theory 

of, with Rules and Examples for Practical Men. ByT. Baker, C.E. is. 6d. 
162. THE BRASS FOUNDER'S MANUAL; Instructions for 

Modelling, Pattern-Making, Moulding, Turning, Filing, Burnishing, 

Bronzing, &c. "With copious Receipts, &c. By Walter Graham. 2s.t 

164. MODERN WORKSHOP PRACTICE, as applied to Marine, 

Land, and Locomotive Engines, Floating Docks, Dredging Machines, 
Bridges, Cranes, Ship-building, &c., &c. ByT.G. Winton. Illustrated. js.J 

165. IRON AND HEAT, exhibiting the Principles concerned in the 
.•« Construction of Iron Beams, Pillars, and Bridge Girders, and the Action of 

Heat in the Smelting Furnace. By J. Armour, C.E. 2s. 6d4 

166. POWER IN MOTION: Horse-Power, Toothed-Wheel Gearing, 

Long and Short Driving Bands, and Angular Forces. By J. Armour, 2s.6d.i 

167. IRON BRIDGES, GIRDERS, ROOFS, AND OTHER 

WORKS. By Francis Campin, C.E. 2s. 6d.t 
171. THE WORKMAN'S MANUAL OF ENGINEERING 

DRAW^ING. By John Maxton, Engineer. Fourth Edition. Illustrated 

with 7 Plates and nearly 350 Woodcuts. 3s. 6d.t 
190. STEAM AND THE STEAM ENGINE, Stationary and 

Portable. Being an extension of Mr. John Sewell's " Treatise on Steam.'* 

By D. K. Clark, M.I. C.E. Second Edition, revised. 3s. 6d.t 
200. FUEL, its Combustion and Economy. By C. W. Williams, 

A.I.C.E. With extensive additions on Recent Practice in the Combustion 
and Economy of Fuel— Coal, Coke, Wood, Peat, Petroleum, &c. — by D. K. 
Clark, M.I.C.E. 2nd Edition. 3s. 6d.t 

202. LOCOMOTIVE ENGINES, By G. D. Dempsey, C.E. ; with 
large additions by D. Kinnear Clark, M.I.C.E. 3s.t 

211. THE BOILERMAKER'S ASSISTANT in Drawing, Tem- 
plating, and Calculating Boiler and Tank Work. By John Courtney, 
Practical Boiler Maker. Edited by D. K. Clark, C.E. 100 Illustrations. 2s. 

216. MATERIALS AND CONSTRUCTION; A Theoretical and 

Practical Treatise on the Strains, Designing, and Erection of Works of Con- 
struction. By Fran'Cis Campin, C.E. 3s.t [^Just published. 

217. SEWING MACHINERY: a Manual of the Sewing Machine; 



comprising its Construction, History, &c., with full Technical Directions 
for Adjusting, Sec. By J. W. Urquhart, C.E. 2S.t 

223. MECHANICAL ENGINEERING, Comprising Metallurgy, 

Moulding, Casting, Forging, Tools, Workshop Machinery, Manufacture of 
the Steam Engine, &c. By Francis Campin, C.E. 2s. 6d.t 

224. COACH BUILDING, A Practical Treatise, Historical and 

Descriptive, containing full information of the various Trades and Processes 
involved, with Hints on the proper Keeping of Carriages. By J. W. 
Burgess. 2s. 6d.t 
PRACTICAL ORGAN BUILDING. By W. E. Dickson, 
M.A., Precentor of Ely Cathedral. Illustrated. 2s. 6d.t [Just published. 

The % indicates that these vols, may be had strongly bound at 6d. extra. 
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SHIPBUILDING, NAVIGATION, MARINE 

ENGINEERING, ETC. 

51. NAVAL ARCHITECTURE, the Rudiments of; or an Exposi- 
tion of the Elementary Principles of the Science, and their Practical Appli- 
cation to Naval Construction. Compiled for the Use of Beginners. By 
Tames Peaks, School of Naval Architecture, H.M. Dockyard, Portsmouth. 
Fourth Edition, corrected, with Plates and Diagrams. 3s. 60.4: 
S3*. SHIPS FOR OCEAN AND RIVER SERVICE, Elementary 
and Practical Principles of the Construction of. By Hakon A. Sommbr . 
FBLDT, Surveyor of the Royal Norwegian Navy. With an Appendix, is. 6d. 

53«*. AN ATLAS OF ENGRA VINGS to Illustrate the above. Twelve 

large folding plates. Royal 4to, cloth. 7s. 6d. 

54. MASTING, MAST^MAKING, AND RIGGING OF SHIPS, 

Rudimentary Treatise on. Also Tables of Spars, Rigging, Blocks ; Chain, 
"Wire, and Hemp Ropes, &c., relative to every class of vessels. With an 
Appendix of Dimensions of Masts and Yards of the Royal Navy. By Robert 
Kipping, N.A. Fourteenth Edition. Illustrated. 2s.t 
54*. IRON SHIP'BUILDING, With Practical Examples and Details 
for the Use of Ship Owners and Ship Builders. By John Grantham, Con- 
sulting Engineer and Naval Architect. 5th Edition, with Additions. 4s. 
54»*. AN ATLAS OF FORTY PLATES to Illustrate the above. 
Fifth Edition. Including the latest Examples, such as H.M. Steam Frigates 
••Warrior," "Hercules,^' " Bellerophon ; " H.M. Troop Ship "Serapis," 
Iron Floating Dock, &c., &c. 4to, boards. 38s. 

55. THE SAILOR'S SEA BOOK: a Rudimentary Treatise on 

Navigation. Part I. How to Keep the Log and Work it ofiF. Part II. On 
Finding the Latitude and Longitude. By James Greenwood, B.A. To 
which 9.re added, the Deviation and Error of the Compass ; Great Circle 
Sailing ; the International (Commercial) Code of Signals : the Rule of the 
Road at Sea ; Rocket and Mortar Apparatus for Saving Life ; the Law of 
Storms ; and a Brief Dictionary of Sea Terms. With numerous Woodcuts 
and Coloured Plates of Flags. New, thoroughly revised and much enlarged 
edition. By W. H. Rosser. 2s. 6d.i 
80. MARINE ENGINES, AND STEAM VESSELS, a Treatise 
on. Togjether with Practical Remarks on the Screw and Propelling Power, 
as used in the Royal and Merchant Navy. By Robert Murray, C.E., 
Engineer- Surveyor to the Board of Trade. With a Glossary of Technical 
Terms, and their Equivalents in French, German, and Spanish. Seventh 
Edition, revised and enlarged. Illustrated. 3s. t 

%ibis. THE FORMS OF SHIPS AND BOATS: Hints, Experiment- 

ally Derived, on some of the Principles regulating Ship -building. By W. 

Bland. Seventh Edition, revised.with numerous Illustrations andModels.is.6d. 
99. NAVIGATION AND NAUTICAL ASTRONOMY, in Theory 

and Practice. With Attempts to facilitate the Finding of the Time and the 

Longitude at Sea. By J. R. Young, formerly Professor of Mathematics in 

Belfast College. Illustrated. 2s. 6d. 
100*. TABLES intended to facilitate the Operations of Navigation and 

Nautical Astronomy, as an Accompaniment to the above Book. By J. R. 

Young. , is. 6d. 

106. SHIPS' ANCHORS, aTreatise on. By G. Cotsell, N.A. is. 6d. 

1^9. SAILS AND SAIL-MAKING, an Elementary Treatise on. 
With Draughting, and the Centre of Effort of the Sails. Also, Weights 
and Sizes of Ropes ; Masting,. Rigging, and Sails of Steam Vessels, &c., &c. 
Eleventh Edition, enlarged, with an Appendix. By Robert Kipping, N.A.,' 
Sailmaker, Quayside, Newcastle. Illustrated, as. 6d.t 

155. THE ENGINEER'S GUIDE TO THE ROYAL AND 

MERCANTILE NAVIES. By a Practical Engineer. Revised by D. 

F. M'Carthv, late of the Ordnance Survey Office, Southampton. 3s. 

55 PRACTICAL NAVIGATION. Consisting of The Sailor's 

& Sea-Book. By James Greenwood and W. H. Rossbr. Together with 

«-. - the requisite Mathematical and Nautical Tables for the Working of the 

^u^. Problems. By Henry Law, C.E., and J. R. Young, formerly Professor of 
Mathematics m Belfast College. Illustrated with numerous Wood Engrav- 
ings and Coloured Plates. 7s. Strongly half-bound in leather. 

^^ The X indicates that these vols, may be had strongly bound at 6d, extra. 
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PHYSICAL SCIENCE, NATURAL PHILO- 
SOPHY, ETG- 

1. CHEMISTRY^ for the Use of Beginners. By Professor George 

FowNBs, F.R.S. With an. Appendix on the Application of Chemistry to 
Ag^culture. xs. 

2. NATURAL PHILOSOPHY, Introduction to the Study of; for 

the Use of Beginners. By C. Tomlinson, Lecturer on Natural Science in 
King's College School, London. Woodcuts, is. 6d. 
4. MINERALOGY, Rudiments of; a concise View of the Properties 
of Minerals. By A. Ramsay, Jun. Woodcuts and Steel Plates. 3s4 

6. MECHANICS, Rudimentary Treatise on; being a concise Ex- 

position of the General Principles of Mechanical Science, and their Applica- 
tions. By Charles Tomlinson. Illustrated, is. 6d. 

7. ELECTRICITY; showing the General Principles of Electrical 

Science, and the purposes to which it has been applied. By Sir W. Snow 
Harris, F.R.S., &c. With Additions by R. Sabine, C.E., F.S.A. is. 6d. 
7*. GALVANISM, Rudimentary Treatise on, and the General Prin- 
ciples of Animal and Voltaic Electricity. By Sir W. Snow Harris. New 
Edition, with considerable Additions by Robert Sabinb, C.E., F.S.A. is. 6d. 

8. MAGNETISM; being a concise Exposition of the General Prin- 

ciples of Magnetical Science, and the Purposes to which it has been applied. 
By Sir W. Snow Harris. New Edition, revised and enlarged by H. M. 
Noad, Ph.D., Vice-President of the Chemical Society, Author of "A 
Manual of Electricity," &c., &c. With 165 Woodcuts. 3s. 6d.t 

11. THE ELECTRIC TELEGRAPH; its History and Progress; 

with Descriptions of some of the Apparatus. By R. Sabinb, C.E., F.S.A. 3s. 

12. PNEUMATICS, for the IJse of Beginners. By Charles 

ToMUNSON. Illustrated, xs. 6d. 
72. MANUAL OF THE MOLLUSCA; a Treatise on Recent and 
Fossil Shells. By Dr. S. P. Woodward, A.L.S. Fourth Edition. With 
Appendix by Ralph Tate, A.L.S., F.G.S. With numerous Plates and 300 
Woodcuts. 6s. 6d. Cloth boards, 7s. 6d. 
1^**, PHOTOGRAPHY, Popular Treatise on; with a Description of 
the Stereoscope, &c. Translated from the French of D. Van Mqnckhovbn, 
by W. H. Thornthwaite, Ph.D. Woodcuts, is. 6d. 

96. ASTRONOMY, By the Rev. R. Main, M.A., F.R.S., &c. 

New Edition, with an Appendix on "Spectrum Analysis." Woodcuts, is. 6d. 

97. STATICS AND DYNAMICS, the Principles and Practice of; 

embracing also a clear development of Hydrostatics, Hydrodynamics, and 
Central Forces. By T. Bakbr, C.E. is. 6d. 
138. TELEGRAPH, Handbook of the; a Manual of Telegraphy, 
Telegraph Clerks' Remembrancer, and Guide t« Candidates for Employ- 
ment in the Telegraph Service. By R. Bond. Fourth Edition, revised and 
enlarged : to which is appended, QUESTIONS on MAGNETISM, ELEC- 
TRICITY, and PRACTICAL TTILEGRAPHY, for the Use of Students, 
by W. McGregor, First Assistant Supnt, Indian Gov. Telegraphs. 3s.t 

143. EXPERIMENTAL ESSAYS. By Charles Tomlinson. 

I. On the Motions of Camphor on Water. II. On the Motion of Camphor 
towards the Light. III. History of the Modem Theory of Dew. Woodcuts, is. 

173. PHYSICAL GEOLOGY, parUy based on Major-General Port- 

lock's "Rudiments of Geology." By Ralph Tatb,A.L.S.,&c. Woodcuts, as. 

174. HISTORICAL GEOLOGY, partly based on Major-General 

Portlock's " Rudiments." By Ralph Tatb, A.L.S., &c. Woodcuts. 2s. 6d. 

173 RUDIMENTARY TREATISE ON GEOLOGY, Physical and 

8e Historical. Partly based on Major-General Portlock's '" Rudiments of 

174. Geology." By Ralph Tatb, A.L.S., F.G.S., &c. In One Volume. 4s. 6d.1 

183 ANIMAL PHYSICS, Handbook of. By Dr. Lardner, D.C.L., 

Sc . formerly Professor of Natural Philosophy and Astronomy in University 

l8d College, Lond. With 520 Illustrations. In One Vol. 7s. 6d., cloth boards. 

%* Sold also in Two Paris^ as follows : — 

183. Awimal Physics. By Dr. Lardner. Part I., Chapters I. — ^VII. 4s. 

184. Animal Physics. By Dr. Lardnbr. Part II., Chapters VIII. — ^XVIII. 3s. 

TAg t indicates that these vols, may be had strongly bound at 6d, extra, 
7, STATIONERS' HALL COURT, LUDGATE HILL, E.G. 
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MINING, METALLURGY, ETC. 

117. SUBTERRANEOUS SURVEYING, Elementary and PracUcal 
Treatise on^ with and without the Magnetic Needle. By Thomas Fbnwick, 
Surveyor of Mines, and Thomas Baker, C.E. Illustrated. 2s. 6d.t 

133. METALLURGY OF COPPER ; an Introduction to the Methods 

of Seeking, Mining, and Assaying Copper, and Manufacturing its Alloys. 
By Robert H. Lamborn, Ph.D. Woodcuts. 2s. 6d.t 

134. METALLURGY OF SILVER AND LEAD. A Description 

of the Ores ; their Assay and Treatment, and valuable Constituents. By Dr. 
R. H. Lamborn. Woodcuts. 2s. 6d.$ 

135. ELECTRO-METALLURGY; Practically Treated. By Alex- 

ander Watt, F.R.S.S.A. 7th Edition, revised, with important additions, 

including the Electro-Deposition of Nickel, &c. Woodcuts. y&.X 

172. MINING TOOLS, Manual of. For the Use of Mine Managers, 

Agents, Students, &c. By William Morgans. 2s. 6d4 

172*. MINING TOOLS, ATLAS of Engravings to Illustrate the above, 

containing 235 Illustrations, drawn to Scale. 4to. 4s. 6d. ; cloth boards, 6s. 

^ 76. MET ALL XJRGY OF IR ON Containing History of Iron Manu- 

facture, Methods of Assay, and Analyses of Iron Ores, Processes of Manu« 

facture of Iron and Steel, &c. By H. Bauerman, F.G.S. 4th Bdition. 4s. 6d.| 

180. COAL AND COAL MINING, A Rudimentary Treatise on. 

By Warington W. Smyth, M.A., F.R.S. Fifth Edition, revised and 
enlarged. With numerous Illustrations. 3s. 6d.t \yusi published, 

195. THE MINERAL SURVEYOR AND VALUER* S COM- 
PLETE GUIDE, with new Traverse Tables, and Descriptions of Improved 
Instruments ; also the Correct Principles of Laying out and Valuing Mineral 
Properties. By William Lintkrn, Mining and Civil Engineer. 3s. 6d.| 

214. SLATE AND SLATE ^K4/?i?r//^tr, Scientific, Practical, and 

Commercial. By D. C. Davibs, F.G.S., Mining Engineer, &c. With 
numerous Illustrations and Folding Plates. 3s.t 

215. THE GOLDSMITHS HANDBOOK, containing full Instruc- 
tions for the Alloying and Working of Gold. By George E. Gee, Goldsmith 
and Silversmith. Second Edition, considerably enlarged. zs.XiJusi Published. 

225. THE SILVERSMITHS HANDBOOK, containing fuU In- 
structions for the Alloying and Working of Silver. By George E. Gee. is.t 

220. MAGNETIC SURVEYING, AND ANGULAR SURVEY- 
ING, with Records of the Peculiarities of Needle Disturbances. Compiled 
from the Results of carefully made Experiments. By William Lintern, 
Mining and Civil Engineer and Surveyor. 2s. [Just Published, 

FINE ARTS. 

20. PERSPECTIVE FOR BEGINNERS, Adapted to Young 
Students and Amateurs in Architecture, Paintiner. &c. By George Pynb. 2::. 

40 GLASS STAINING, AND THE ART OF PAINTING ON 
& 41. GLASS. From the German of Dr, Gbssbrt and Emanuel Otto From- 
berg. With an Appendix on The Art of Enamelling. 2s. 6d. 
69. MUSIC, A Rudimentary and Practical Treatise on. With 

numerous Examples. By Charles Child Spencer. 2s. 6d. 
71. PIANOFORTE, The Art of Playing the. With numerous Exer- 
cises & Lessons from the Best Masters. By Charles Child Spencer. is.6d. 
69-71. MUSIC AND THE PIANOFORTE. In one volume. Half 

bound, 5s. 

181. PAINTING POPULARLY EXPLAINED, including Fresco, 

Oil, Mosaic, Water Colour, Water-Glass, Tempera, Encaustic, Miniature, 
Fainting on Ivory, Vellum. Pottery, Enamel, Glass, &c. Witn Historical 
Sketches of the Progress ot the Art by Thomas John Gullick, assisted by 
John Times, F.S.A. Fourth Edition, revised andenlarged. 5s.t 
186. A GRAMMAR OF COLOURING, applied to Decorative 
Paintine and the Arts. By George Field. New Edition, enlarged and 
adapted to the Use of the Ornamental Painter and Designer. By Ellis A. 
Davidson. With two new Coloured Diagrams, &c. 3s.t 

The X indicates thai these vols, may be hcul strongly bound at 6d. extra. 
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AGRICULTURE, GARDENING, ETC. 

66. CLAY LANDS ^ LOAMY SOILS, By Prof. Donaldson, is. 

\Zi, MILLER'S, MERCHANTS, AND FARMER'S READY 

RECKONER, for ascertaining at sight the value of any quantity of Corn, 

from One Bushel to One Hundred Quarters, at any given price, from j^x to 

i^perQr. With approximate values of Millstones, Millvrork, &c. xs. - 

140. SOILS, MANURES, AND CROPS, (Vol. i. Outlines of 

Modern Farming.) By R. Scott Burn. Woodcuts. 2s. 

141. FARMING &* FARMING ECONOMY, Notes, Historical and 

Practical, on. (Vol. 2.0utunbs of Modern Farming.) By R. Scott Burn. 3s. 

142. STOCK; CATTLE, SHEEP, AND HORSES, (Vol. 3. 

Outlines of Modern Farming.) By R. Scott Burn. Woodcuts. 2s. 6d. 

145. DAIRY, PIGS, AND POULTRY, Management of the. By 

R. Scott Burn. With Notes on the Diseases of Stock. (Vol. 4. Outlines 
OP Modern Farming.) Woodcuts. 2s. 

146. UTILIZATION OF SEWAGE, IRRIGATION, AND 

RECLAMATION OF WASTE LAND. (Vol. 5. Outlines of Modern 
Farming.) By R. Scott Burn. Woodcuts. 2s. od. 
*«* Nos. 140- X -2-5-6, in One Vol., handsomely half-bound, entitled " Outunbs of 
Modern Farming." By Robert Scott Burn. Price X2s. 

177. FRUIT TREES, The Scientific and Profitable Culture of. From 
the French of Du Breuil. Revised by Geo. Glenny. 187 Woodcuts. 3s. 6d.t 

198. SHEEP; THE HISTORY, STRUCTURE, ECONOMY, AND 
DISEASES OF. By W. C. Spooner, M.R.V.C, &c. Fourth Edition, 
enlarged, including Specimens of New and Improived Breeds. 3s. 6d.t 

201. KITCHEN GARDENING MADE EASY. Showing how to 
prepare and lay out the ground, the best means of cultivating every known 
Vegetable and Herb, with full cultural directions, 8cc. By George M. F. 
Glenny. is. 6d.t 

207. OUTLINES OF FARM MANAGEMENT, and the OrganU 

zait'on of Parm Labour: Treating of the General Work of the Farm ; Field 
and Live Stock; Details of Contract Work; Specialities of Labour, &c., &c. 
By Robert Scott Burn. 2s. 6d.T 

208. OUTLINES OF LANDED ESTATES MANAGEMENT: 

Treating of the Varieties of Lands, Methods of Farming, Farm Buildings, 
Irrigation, Drainage, &c. By R. Scott Burn. 2s. 6d.t 
%• Nos. 207 6- 208 in One Vol.j handsomely half- bound, eniiiled *^ Outlines op 
Landed Estates and Farm Management. By R. Scott Burn. Price dr. 

209. THE TREE PLANTER AND PLANT PROPAGATOR. 

A Practical Manual on the Propagation of Forest Trees, Fruit Trees, 
Flowering Shrubs, Flowering Plants, Pot-Herbs, &c. By Samuel Wood. 
Illustrated. 2s.t 

210. THE TREE PRUNER, A Practical Manual on the Piruning of 

Fruit Trees, including also their Training and Renovation ; also the Pruning 
of Shrubs, Climbers, and Flowering Plants. By Samuel Wood. 2s.t 
%• Nos. 209 &- 210 tn One Vol., handsomely half-bound, entitled "The Tree 
Planter, Propagator and Pruner." By Samuel Wood. Price 5*. 

219. THE HA Y AND STRA W MEASURER : Being New Tables 
for the Use of Auctioneers, Valuers, Farmers, Hay and Straw Dealers, &c., 
forming a complete Calculator and Ready-Reckoner, especially adapted to 
persons connected with Agriculture. Fourth Edition. By John Steele. 2s. 

222. SUBURBAN FARMING. The Laying-out and Cultivation of 
Farms, adapted to the Produce of Milk, Butter, and Cheese, Eggs, Poultry, 
and Pigs. By Prof. Iohn Donaldson and R. Scott Burn. 3s. 6d.t 

231. THE ART OF GRAFTING AND BUDDING. By Charles 

Baltet. With Illustrations. 2s. 6d.t [Just Published. 

232. COTTAGE GARDENING; or, Flowers, Fruits, and Vegetables 

for Small Gardens. By E. Hobday, is. 6d. [Just published. 

233. GARDEN RECEIPTS. Edited by Charles W. Quin. is.6d, 

[yust published. 
The % indicates that these vols, may be had strongly bound at bd. extra. 
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ARITHMETIC, GEOMETRY, MATHEMATICS, 

ETC. 

32. MATHEMATICAL INSTRUMENTS, a Treatise on; in which 




•«• /« ordering the above^ be careful to say^ " Original Edition ** {No. 32), io disfin' 
gutsh it from the Enlarged Edition tn 3 tfols. (Nos. 168-9-70.) 

60. LAND AND ENGINEERING SURVEYING, a Treatise on; 
with all the Modem Improvements. Arranged for the Use of Schools and 
Private Students ; also for Practical Land Surveyors and Engineers. By 
T. Baker, C.E. New Edition, revised by Edward Nugent, C.£. Illus- 
trated with Plates and Diagrams. 2s.t 

61^. READY RECHrONER FOR THE ADMEASUREMENT OF 
LAND. Bv Abraham Arman, Schoolmaster, Thurleigh, Beds. To which 
is added a Table, showing the Price of Work, from 2s. 6d. toj^i per acre, and 
Tables for the Valuation of Land, from is. to £1,000 per acre, and from one 
pole to two thousand acres in extent, &c., &c. is. 6d. 

76. DESCRIPTIVE GEOMETRY, an Elementary Treatise on; 
with a Theory of Shadows and of Perspective, extracted from the French of 
G. MoNGB. To which is added, a description of the Principles and Practice 
of Isometrical Projection ; the whole being intended as an introduction to the 
Application oi Descriptive Geometry to various branches of the Arts. By 
J. F. Heatubr, M.A. Illustrated with 14 Plates. 2s. 

178. PRACTICAL PLANE GEOMETRY: giving the Simplest 

Modes of Constructing Figures contained in one Plane and Geometrical Con- 
struction of the Ground. By J. F. Heather, M.A. With 215 Woodcuts. 2s. 

179. PROJECTION : Orthographic, Topographic, and Perspective: 

giving the various Modes of Delineating Solid Forms by Constructions on a 
Single Plane Surface. By J. F. Heather, M.A. \In preparation* 

*^ The above three volumes will form a Complete Elementary Coursb or 

ATA.THRM ATf r* AT | ''Id A^Xffitf/^ 

83. COMMERCIAL BOOK-KEEPING. With Commercial Phrases 

and Forms in English, French, Italian, and German. By Jambs Haddon, 
M.A., Arithmetical Master of King's College School, London, is. 6d. 

84. ARITHMETIC, a Rudimentary Treatise on : with full Explana- 

tions of its Theoretical Principles, and numerous Examples for Practice. For 
the Use of Schools and for Self- Instruction. B^ J. R. Young, late Professor 
of MaUiematics in Belfast College. Now Edition, with Index, is. 6d. 

84*. A Key to the above, containing Solutions in full to the Exercises, togethei 
with Comments, Explanations, and Iim>roved Processes, for the Use oi 
Teachers and Unassisted Learners. By.j. R. Young, is. 6d. 

85. EQUA TIONAL ARITHMETIC, applied to Questions of Interest, 
3c4i, Annuities, Life Assurance, and General Commerce ; with various Tables by 

which all Calculations may be greatly facilitated. By W. Hifslby. 2s. 

86. ALGEBRA, the Elements of. By Jambs Haddon, M.A., 

Second Mathematical Master of King's College School. With Appendix, 
containing miscellaneous Investigations, and a Collection of Problems in 
various parts of Algebra. 2S. 
85*. A Kby and Companion to the above Book, forming an extensive r^ository of 
Solved Examples and Problems in Illustration of the various Expedients 
necessary in Algebraical Operations. Especially adapted for Self-Instruc ^ 
tion. By J. R. Young, is. 6d. 

88. EUCLID, The Elements of : with many additional Propositions 
go and Explanatory Notes : to which is prefixed, an Introductory Essay on 
Logic. By Henry. Law, C.E. 2s. 6d4 

•#• Sold also separately, viz* : — ^ 

88. EucuD, The First Three Books. By Hbnry Law, C.E. is* 6d. 

89. EucuD, Books 4, 5, 6, zz, Z2. By Henry Law, C.E. zs. 6d. 



TAe t indicates that these vols, may be had strongly bound at 6d. extra. 
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WEALE'S rudimentary series. II 

Arithmetic, Geometry, Mathematics, etc., continued, 

90. ANALYTICAL GEOMETRY AND CONIC SECTIONS, 
a Rudimentary Treatise on. By Jambs Hann, late Mathematical Master of 
Kind's College School, London. A New Edition, re- written and enlarged 
by J. R. Young, formerly Professor of Mathematics at Belfast College. 2s. $ 

'91. PLANE TRIGONOMETRY, tlie Elements of. By James 
Hann, formerly Mathematical Master of King's College, London, xs. 6d. 

92. SPHERICAL TRIGONOMETR F, the Elements of. By James 

Hann. Revised by Charles H. Dowling, C.E. is. 
%• Or with " The Elements of Plane Trigonometry" in One Volume, 2S, 6d. 

93. MENSURATION AND MEASURING, for Students and Prac- 

tical Use. With the Mensuration and Levelling of Land for the Purposes of 
Mtylem Engineering. By T. Baker, C.E. New Edition, with Corrections 
and Additions by E. Nugent, C.£. Illustrated, is. 6d. 

102. INTEGRAL CALCULUS, Rudimentary Treatise on the. By 

Homersham Cox, B.A. Illustrated, zs. 

103. INTEGRAL CALCULUS, Examples on the. By James Hann, 

late of King's College, London. Illustrated, zs. 

loi. DIFFERENTIAL CALCULUS, Elements of the. By W. S. B. 
WooLHOUSB, F.R.A.S., &c. zs. 6d. 

105. MNEMONICAL LESSONS, — Geometry, Algebra, and- 

Trigonometry, in Easy Mncmonical Lessons. By the Rev. Thomas 
Penyngton Kirkman, M.A. zs. 6d. 

136. ARITHMETIC, Rudimentary, for the Use of Schools and Self- 
Instruction. By James H addon, M.A. Revised by Abraham Arman. 
zs. 6d. 

Z37. A Key to Haddon's Rudimentary Arithmetic. By A. Arman. is. 6d. 

168. DRAWING AND MEASURING INSTRUMENTS. Includ- 

ing — I. Instruments employed in Geometrical and Mechanical Drawing, 
and in the Construction, Copying, and Measurement of Maps and Plans. 
II. Instruments used for the purposes of Accurate Measurement, and for 
Arithmetical Computations. By J. F. Heather, M.A., late of the Royal 
Military Academy, Woolwich, Author of " Descriptive Geometry," &c., &c. 
Illustrated, zs. 6d. 

169. OPTICAL INSTRUMENTS, Including (more especially) Tele- 

scopes. Microscopes, and Apparatus for producing copies of Maps and Plans 
by Photography. By J. F. Heather, M.A. Illustrated, zs. 6d. 

170. SURVEYING AND ASTRONOMICAL INSTRUMENTS, 

Including — I. Instruments Used for Determining the Geometrical Features 
of a portion of Ground. II. Instruments Employed in Astronomical Observa- 
tions. By J. F. Heather, M.A. Illustrated, zs. 6d. 
*„* The above three volumes form^ an enlargement of the Author's original work. 
** Mathematical Instruments: their Construction, Adjustment, Testing, and Use, 
the Thirteenth Edition of which is on sale, Price is. 6d. {See No. 32 in the Series.) 

x^\ MATHEMATICAL INSTRUMENTS, By J. F. Heather, 

169. ?• M.A. Enlarged Edition, for the most part entirely re-wntten. The 3 Parts as 
z7o.^ above, in One thick Volume. With numerous Illustrations. 4s. 6d.t 

158. THE SLIDE RULE, AND HOW TO USE IT; containmg 
full, easy, and simple Instructions to perform all Business Calculations with 
unexampled rapidity and accuracy. By Charles Hoarb, C.E. With a 
Slide Rule in tuck of cover. 2s. 6d.t 

185. THE COMPLETE MEASURER; setting forth the Measure- 
ment of Boards, Glass, &c., &c. ; Unequal-sided, S(^uare-iided, Octagonal- 
sided, Round Timber and Stone, and Standing Timber. With a Table 
showmg the solidity of hewn or eight-sided timber, or of any octagonal - 
sided column. Compiled for Timber-growers, Merchants, ana Surveyors, 
Stonemasons, Architects, and others. By Richard Horton. Fourth 
Edition, with valuable additions. 4s. ; strongly bound in leather, 5s. 

196. THEORY OF COMPOUND INTEREST AND ANNUI 
TIES ; with Tables of Logarithms for the more Difficult Computations of 
Interest, Discount, Annuities, &c. By F^dor Troman. 4s. t 

The t indicates that these vols, may be had strongly bound at 6d. extra, 
7, stationers' HALL COURTi LUDGATE HILL, B.C. 



12 WEALE*S RUDIMENTARY SERIES. 



Arithmetic, Geometry, Mathemiatics, etc., continued. 

199. INTUITIVE CALCULATIONS; or, Easy and Compendious 
Methods of Performing the various Arithmetical Operations required in 
Commercial and Business Transactions ; together with Full Explanations of 
Decimals and Duodecimals, several Useful Tables, &c. By Daniel 
O'GoRMAN. Twenty-fifth Edition, corrected and enlarged by J. R. Young, 
formerly Professor of Mathematics in Belfast College. 334 

204. MATHEMATICAL 7L4-fiZ:^.9, for Trigonometrical, Astronomical, 
and Nautical Calculations ; to which is prefiied a Treatise on Logarithms. 
By Henry Law, C.E. Together with a Series of Tables for* Navigation 
and Nautical Astronomy. By J. R. Young, formerly Professor of Mathe- 
matics in Belfast College. New Edition, is. 6d.t 

221. MEASURES, WEIGHTS, AND MONEYS OF ALL NA- 
TIONS, and an Analysis of the Christian, Hebrew, and Mahometan 
Calendars. By W. S. B. Woolhousb, F.R.A.S., F.S.S. Sixth Edition, 
carefully revised and enlarged, ss.t 

227. MATHEMATICS AS APPLIED TO THE CONSTRUC- 
TIVE ARTS. Illustrating the various processes of Mathematical Investi- 
fation, by means of Arithmetical and Simple Algebraical Equations and 
'ractical Examples; also the Methods of Analysing Principles and De- 
ducing Rules and Formulx, applicable to the Requirements of Practice. 
By Francis Campin, C.E., Author of "Materials and Construction," &c. 
Second Edition, revised and enlarged by the Author. 3s.t [yust published. 



MISCELLANEOUS VOLUMES. 

36. A DICTIONARY OF TERMS used in ARCHITECTURE, 
BUILDING, ENGINEERING, MINING, METALLURGY, ARCHM- 
OLOGY, the FINE ARTS, ^c. By John Weale. Fifth Edition. Revised 
by Robert Hunt, F.R.S., Keeper of Mining Records. Numerous Illus- 
trations. 5s. cloth limp ; 6s. cloth boards. 

SO. THE LAW OF CONTRACTS FOR WORKS AND SER- 

VICES. By David Gibbons. Third Edition, enlarged. 3s.t 
112. MANUAL OF DOMESTIC MEDICINE. By R. Gooding, 

B.A., M.D. Intended as a Family Guide in all Cases of Accident and 

Emergency. 2s.t 
II2». MANAGEMENT OF HEALTH A Manual of Home and 

Personal Hygiene. By the Rev. James Baird, B.A. is. 
150. LOGIC, Pure and Applied. By S. H. Emmens. is. 6d. 
IS%. SELECTIONS FROM LOCKE'S ESSAYS ON THE 

HUMAN UNDERSTANDING. With Notes by S. H. Emmens. as. 
154. GENERAL HINTS TO EMIGRANTS. Containing Notices 

of the various Fields for Emigration. With Hints on Preparation for 

Emigrating, Outfits, &c., &c. With Directions and Recipes useful to the 

Emigrant. With a Map of the World, as. 
157. THE EMIGRANTS GUIDE TO NATAL, By Robert 

Jambs Mann, F.R.A.S., F.M.S. Second Edition, carefully corrected to 

the present Date. Map. 2s. 

193. HANDBOOK OF FIELD FORTIFICATION, intended for the 

Guidance of Officers Preparing for Promotion, and especially adapted to the 
requirements of Beginners. By Major W. W. KNOLLYS, F.R.G.S., 93rd 
Sutherland Highlanders, &c. With 163 Woodcuts. 3s4 

194. THE HOUSE MANAGER: Being a Guide to Housekeeping. 

Practical Cookery, Pickling and Preserving, Household Work. Dairy 
Management, the Table and Dessert, Cellarage of Wines, Home-orewing 
and Wine-making, the Boudoir and Dressing-room, Travelling, Stable 
Economy, Gardening Operations, 8cc. By An Old Housekeeper. 3s. 6d.t 

194. HOUSE BOOK (ITie), Comprising :— I. The House Manager. 

112. By an Old Housekeeper. II. Domestic Medicine. By Ralph Gooding, 
^' M.D. III. Management of Health. By James Baird. In One Vol., 
^ strongly half -bound. 6s. 

112*. 

TAe t indicates thai these vols, may be had strongly bound at 6d. extra. 
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EDUCATION AL AND CLASS ICAL SERIES. 

HISTORY. 

I. England, Outlines of the History of; more especially with 

reference to the Origin and Progress of the English Constitution. By 
William Douglas Hamilton, F.S.A., of Her Majesty's Public Record 
Office. 4th Edition, revised. 5s. ; cloth boards, 6s. 

5. Greece, Outlines of the History of; in connection with the 
Rise of the Arts and Civilization in Europe. By W. Douglas Hamilton. 
of University College, London, and Edward Levibn, M.A., of Ballioi 
College, Oxford. 2s. 6d. ; cloth boards, 3s. 6d. 

7. Rome, Outlines of the History of: from the Earliest Period 

to the Christian Era and the Commencement of the Decline of the Empire. 
By Edward Levibn, of Balliol College, Oxford. Map, 2s. 6d. ; cl. bds. 3s. 6d. 

9. Chronology of History, Art, Literature, and Progress, 

from the Creation oi the World to the Conclusion of the Franco- German War. 
The Continuation by W. D. Hamilton, F.S.A. 3s. ; cloth boards, 3s. 6d. 

50, Dates and Events in English History, for the use of 

Candidates in Public and Private Examinations. By the Rev. E. Rand. is. 



ENGLISH LANGUAGE AND MISCELLANEOUS. 

11. Grammar of the English Tongue, Spoken and Written. 

With an Introduction to the Study of Comparative Philology. By Hydb 
Clarke, D.C.L. Fourth Edition, is. 6d. 
II*. Philology : Handbook of the Comparative Philology of English, 
Anglo-Saxon, Frisian, Flemish or Dutch, Low or Piatt Dutch, High Dutch 
or German, Danish, Swedish, Icelandic, Latin, Italian, French, Spanish, and 
Portuguese Tongues. By Hydb Clarke, D.C.L. is. 

12. Dictionary of the English Language, as Spoken and 

Written. Containing above 100,000 Words. By Hyde Clarke, D.C.L. 
3s. 6d. ; cloth boards, 4s. 6d. ; complete with the Grammar, cloth bds., 5s. 6d. 

48. Composition and Punctuation, familiarly Explained for 

those who have neglected the .Study of Grammar. By Justin Brbnan. 
17th Edition, is. 6d. 

49. Derivative Spelling>-Book : Giving the Origin of Every Word 

from the Greek, Latin, Saxon, German, Teutonic, Dutch, French, Si>anish, 
and other Languages ; with their present Acceptation and Pronunciation. 
By J. Rowbotham, F.R.A.S. Improved Edition, is. 6d. 

51. The Art of Extempore Speaking: Hints for the Pulpit, the 

Senate, and the Bar. By M. Bautain, Vicar-General and Professor at the 
Sorbonne. Translatedfrom the French. 7th Edition, carefully corrected. 2S.6d. 

52. Mining and Quarrying, with the Sciences connected there- 

with. First Book of, for Schools. By J. H. Collins, F.G.S., Lecturer to 
the Miners' Association of Cornwall ana Devon, is. 

53. Places and Facts in Political and Physical Geography, 

for Candidates in Examinations. By the Rev. Edgar Rand, B.A. is. 

54. Analytical Chemistry, Qualitative and Quantitative, a Course 

of. To which is prefixed, a Brief Treatise upon Modem Chemical Nomencla- 
ture and Notation. By Wm. W. Pink and Georgb E. Webster, as. 

THE SCHOOL MANAGERS' SERIES OF READING 

BOOKS, 

Adapted to the Requirements of the New Code. Edited by the Rev. A. R. Grant, 
Rector of Hitcham, and Honorary Canon of Ely ; formerly H.M. Inspector 
of Schools. 

Introductory Primer, ^d. 

f. d. 
Fourth Standard . ,.12 
Fifth „ ...16 

Sixth „ , . . i 6 

Lessons FROM THB Biblb. Parti. Old Testament, is. 
Lessons from the Bible. Part II. New Testament j to which is added 
The Geography of the Bible, for very young Children. By Rev. C. 
Thornton Forster. is. 2d. %* Or theTwo Parts in Que Volume. 2s. 

J. stationers' hall COURT, LUDGATE HILL, E.C, 
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FRENCH. 

24. French Grammar. With Complete and Concise Rules on the 

Geri'ders of French Nouns. By G. L. Strauss, Ph.D. is. 6d. 

25. French-English Dictionary. Comprising a large number of 

New Terms used in Engineering, Mining, &c. By Alfred Elwbs. is. 6d. 

26. English -French Dictionary. By Alfred Elwes. 2s. 
25,26. French Dictionary (as above). Complete, in One Vol., 3s.; 

cloth boards, 3s. 6d. *#* Or with the Grammar, cloth boards, 4s. 6d. 

47. French and English Phrase Book : containing Intro- 
ductory Lessons, with Translations, several Vocabularies of Wor£, a Col- 
lection of suitable Phrases, and Easy Familiar Dialogues, is. 6d. 

GERMAN. 

39. German Grammar. Adapted for English Students, jfrom 

Heyse's Theoretical and Practical Grammar, by Dr. G. L. Strauss, is. 

40. German Reader ; A Series of Extracts, carefully culled from the 

most approved Authors of Germany ; with Notes, Philological and Ex- 
planatory. By G. L. Strauss, Ph.D. is. 

41-43. German Triglot Dictionary. By Nicholas Esterhazy 

S. a. Hamilton. In Three Parts. Part I. German-French-English. 
Part II. English-German-French. Part III. French-German-English. 
3s., or cloth boards, 4s. 

41-43 German Triglot Dictionary (as above), together with German 

& 39. Grammar (No. 39), in One Volume, cloth boards, 5s. 

ITALIAN. 

27. Italian Grammar, arranged in Twenty Lessons, with a Course 

of Exercises. By Alfred Elwks. is. 6d. 

28. Italian Triglot Dictionary, wherein the Genders of all the 

Italian and French Nouns are carefully noted down. By Alfrbd Elwks. 
Vol.1. Italian-English-French. 2s. 6d. 

30. Italian Triglot Dictionary. By A. Elwes. Vol. 2. 

English-French- Italian. 2s. 6d. 

32. Italian Triglot Dictionary, By Alfred Elwes. Vol. 3. 

French-Italian-English. 2S. 6d. 

28,30, Italian Triglot Dictionary (as above). In One Vol., 7s. 6d. 

32. Cloth boards. 

SPANISH AND PORTUGUESE. 

34. Spanish Grammar, in a Simple and Practical Form. "With 

a Course of Exercises. By Alfred Elwbs. is. 6d. 

35. Spanish-English and English-Spanish Dictionary. 

Including a large number of Technical Terms used in Mining, Engineering, &c., 
with the proper Accents and the Gender of every Noun. By Alfred Elwes. 
4s. ; cloth boards, 5s. %* Or with the Grammar, cloth boards, 6s. 

55. Portuguese Grammar, in a Simple and Practical Form. 

"With a Course of Exercises. By Alfred Elwes. is. 6d. 

56. Portuguese-English and English-Portuguese Dic- 

tionary, with the Genders of each Noun. By Alfred Elwes. 

[In preparaii9H, 

HEBREW. 

46*. Hebre-w Grammar, By Dr. Bresslau. is. 6d. 
44. Hebreijv and English Dictionary, Biblical and Rabbinical ; 

containing the Hebrew and Chaldee Roots of the Old Testament Post- 
Rabbinical Writings. By Dr. Bresslau. 6s. 

46. English and Hebrew Dictionary. By Dr. B&ssslau. 3s. 
44,46. Hebre-w Dictionary (as above), in Two Vols., complete, xnth 

46*. the Grammar, cloth boards, las. 

— — — > ■ ■ ' — '■■'■ iipi ' . ■■ ^— i^— — ^— 
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LATIN. 

19. Latin Grammar. Containing the Inflections and Elementary 

Principles of Translation and Construction. By the Rev. Thomas Goodwin, 
M.A., Head Master of the Crreenwich Proprietary School, is. 

20. Latin-English Dictionary. By the Rev. Thomas Goodwin, 

M.A. 2S. 

22. English-Latin Dictionary; together with an Appendix of 

French and Italian Words which have their origin from the Latin. By the 
Rev. Thomas Goodwin, M.A. is. 6d. 
20,22. Latin Dictionary (as above). Complete in One Vol., 3s. 6d. ; 
cloth boards, 4s. 6d. \* Or with the Grammar, cloth boards, 53. 6d. ., 

LATIN CLASSICS. With Explanatory Notes in EngUsh. 
I. Latin Delectus. Containing Extracts from Classical Authors, 
with Genealogical Vooabularies and Explanatory Notes, by H. Young, is. 6d. 

3. Caesarls Commentarii deBello Gallico. Notes, and a Geographical 

Register for the Use of Schools, by H. Young. 2s. 

3. Cornelius Nepos. With Notes. By H. Young, is. 

4. Virgilii Maronis Bucolica et Georgica. With Notes on the Buco- 

lics by W. RusHTON, M.A., and on the Georgics by H. Young, is. 6d. 

5. Virgilii Maronis ^^neis. With Notes, Critical and Explanatory, 

by H. Young. New Edition, revised and improved. With copious Addi- 
tional Notes by Rev. T. H. L. Lbary, D.C.L., tormerly Scholar of Brasenose 
College, Oxford. 3s. 

5* -^ Part I. Books i.— vi., is. 6d. 

j»» Part 2. Books vii.— xii., 2S. 

6. Horace; Odes, Epode, and Carmen Saeculare. Notes by H. 

Young, is. 6d. 

7. Horace; Satires, Epistles, and Ars Poetica. Notes by W. Brown- 

rigg Smith, M.A., F.R.G.S. is. 6d. 

8. Sallustii Crispi Catalina et BeUum Jugurthinum. Notes, Critical 

and Explanatory, by W. M. Donne, B.A., Trin. Coll., Cam. is. 6d. 

9. Terentii Andria et Heautontimorumenos. With Notes, Critical 

and Explanatory, by the Rev. James Davies, M.A. is. 6d. 

10. Terentii Adelphi, Hecyra, Phormio. Edited, with Notes, Critical 

and Explanatory, by the Rev. James Davies, M.A. 2s. 

11. Terentii Eunuchus, Comcedia. Notes, by Rev. J. Davies,. M.A. 

IS. 6d. 

12. Giceronis Oratio pro Sexto Roscio Amerino. Edited, with an 

Introduction, Analysis, and Notes, Explanatory and Critical, by the Rev. 
Jambs Davies, M.A. is. 

13. Giceronis Orationes in Catilinam, Verrem, et pro Archia. 

With Introduction, Analysis, and Notes, Explanatory and Critical, by Rev. 
T. H. L. Lbary, D.C.L. formerly Scholar of Brasenose College, Oxford. 
IS. 6d. 

14. Giceronis Cato Major, Laelius, Brutus, sive de Senectute, de Ami- 

citia, de Claris Oratoribus Dialogi. With Notes by W. Brownrigo Smith, 
M.A., F.R.G.S. 2S. 

16. I-ivy ; History of Rome. Notes by H. Young and W. B. Smith, 

M.A. Part i. Books i., ii., is. 6d. 
i6*. Part 2. Books iii., iv., v., is. 6d. 

17. Part 3. Books xxi., xxii., IS. 6d. 

19. Latin Verse Selections, from Catullus, Tibullus, Propertius, 

and Ovid. Notes by W. B. Donne, M.A., Trinity College, Cambridge. 2s. 

20. Latin Prose Selections, from Varro, Columella, Vitruvius, 

Seneca, Quintilian, Florus, Velleius Paterculus, Valerius Maximus Sueto- 
nius, Apuleius, &c. Notes by W. B. Donne, M.A. 2s. 

21. Juvenalis Satirae. With Prolegomena and Notes by T. H. S. 

EscoTT, B.A., Lecturer on Logic at King's College, London. 2s. 

7, stationers' HALL COURT) LX7DGATE HILL, E.G. 
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GREEK. 

14. Greek Grammar, in accordance with the Principles and Philo- 
logical Researches of the most eminent Scholars of oar own day. By Hans 
Claudb Hamilton, zs. 6d. 

15,17. Greek Lexicon. Containing all the Words in General Use, with 
their Significations, Inflections, and Doubtful Quantities. By Henry R. 
Hamilton. Vol. i. Greek-English, 2s. 6d. ; Vol. 2. English-Greek, 2s. Or 
the Two Vols, in One, 4s. 6d. : cloth boards, ^s. 

14.15. Greek Lexicon (as above). Complete, with the Grammar, in 

17. One Vol., cloth boards, 6s. 

GREEK CLASSICS. With Explanatory Notes in English. 
I. Greek Delectus. Containing Extracts from Classical Authors, 

with Genealogical Vocabularies and Explanatory Notes, byH. Young. New 
Edition, with an improved and enlarged Supplementary Vocabulary, by John 
Hutchison, M.A., of the High School, Glasgow, is. 6d. 
2,3. Xenophon's Anabasis ; or. The Retreat of the Ten Thousand. 

Notes and a Geographical Register, by H. Young. Part i. Books i. to iii., 
IS. Part 2. Books iv. to vii., is. 

4. Lucian's Select Dialogues. The Text carefully revised, witl? 

Grammatical and Explanatory Notes, by H. Young, is. 6d. 

5-12. Homer, The Works of. According to the Text of Baeumlein. 

With Notes, Critical and Explanatory, drawn from the best and latest 

Authorities, with Preliminary Observations and Appendices, by T. H. L. 

Lbary, M.A., D.C.L. 

Thb Iuad : Part i. Books i. to vi., is.6d. Part 3. Books xiii. to xviii., is. 6d» 

Part 2. Books vii. to xii., is. 6d. Part 4. Books xix. to xxiv., is. 6d. 

Tub Odyssby: Parti. Books i. to vi., is. 6d Part 3. Books xiii. to xviii., is. 6d. 

Part 2. Booksvii.toxii., IS. 6d. Part 4. Books xix. to xxiv., and 

Hymns, as. 
13. Plato's Dialogues : The Apology of Socrates, the Crito, and 
the Phaedo. From the Text of C. F. Hermann. Edited with Notes, Critical 
and Explanatory, by the Rev. James Davibs, M.A. as. 
14.17. Herodotus, The History of, chiefly after the Text of Gaisford. 
With Preliminary Observations and Appendices, and Notes, Critical and 
Explanatory, by T. H. L. Lbary, M.A., D.C.L. 

Part I. Books i., ii. (The Clio and Euterpe), 2S. 

Part 2. Books iii., iv. (The Thalia and Melpomene), 2S. 

Part 3. Books v. -vii. (The Terpsichore, Erato, and Polymnia), 2S. 

Part 4. Books viii., ix. (The Urania and Calliope) and Index, is. 6d. 

18. Sophocles: OEdipus Tyrannus. Notes by H. Young, is. 

20. Sophocles: Antigone. From the Text of Dindorf. Notes, 
Critical and Explanatory, by the Rev. John Milner, B.A. 2s. 

23. Euripides : Hecuba and Medea. Chiefly from the Text of Din- 
dorf. With Notes, Critical and Explanatory, by W. Brownrigg Smith, 
M.A., F.R.G.S. IS. 6d. 

26. Euripides: Alcestis. Chiefly from the Text of Dindorf. With 

Notes, Critical and Explanatory, by John Milner, B.A. is. 6d. 

30. -^schylus : Prometheus Vinctus : The Prometheus Bound. From 
the Text of Dindorf. Edited, with English Notes, Critical and Explanatory, 
by the Rev. James Davibs, M.A. is. 

32. -^schylus : Septem Contra Thebes : The Seven against Thebes. 
From the Text of Dindorf. Edited, with English Notes, Critical and Ex- 
planatory, by the Rev. Jambs Davibs, M.A. is. 

40. Aristophanes : Achamians. Chiefly from the Text of C. H. 

Wbisb. With Notes, by C. S. T. ToWnshend, M.A. is.6d. 

41. Thucydides: History of the Peloponnesian War. Notes by H. 

Young. Book i. is. _ ., i.t .^ ^ -r . 

42. Xenophon's Panegyric on Agesilaus. Notes and Intro- 
duction by Ll. F. W.Jbwitt. IS. 6d. , ., -r^,.,. . 

43. Demosthenes. The Oration on the Crown and the Philippics. 
With English Notes. By Rev. T. H. L. Leary, D.C.L., formerly Scholar of 
Brasenose College, Oxfo rd, is. 6d. ^^ 
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1 

Humberts New Work on Water-Supply. 

A COMPREHENSIVE TREATISE on the WATER-SUPPLV 
of CITIES and TOWNS. By Willum Humber, A.-M. Inst 
C.E., and M. Inst. M.E. Illustrated ivith 50 Double Plates, 
I Single Plate, Coloured Frontispiece, and upwards of 250 Wood- 
cuts, and containing 400 pages of Text. Imp. 4tO| 6/. 6x. elegantly 
and substantially half-bound in morocco. 

List of Contents : — 



I. Historical Sketch of some of the 
means that have been adopted for the 
Supply of Water to Cities and Towns. — 
II. Water and the Foreign Matter usually 
associated with it. — III. Rainfall and 
Evaporation. — IV. Springs and the water- 
bearing formations of various districts. — 
V. Measurement and Estimation of the 
Flow of Water.— VI. On the Selection of 
the Source of Supply. — VII. Wells.— 
VIII. Reservoirs. — IX. The Purification 
of Water. — ^X. Pumps. — XI. Pumping 



Machinery.— XII. Conduits. — XIII. Dis- 
tribution of Water. — XIV. Meters, Ser- 
vice Pipes, and House Fittings. — XV. The 
Law and Economy of Water Works.— 
XVI. Constant and Intermittent Supply. 
— XVII. Description of Plates. — Appen- 
dices, i^iving Tables of Rates of Supply, 
Velocities, &c. &c., together with Specifi- 
cations of several Works illustrated, among 
which will be found : — Aberdeen, Bideford, 
Canterbury, Dundee, Halifax, Lambeth, 
Rotherham, Dublin, and others. 



" The most systematic and valuable work upon water supply hitherto produced in 
English, or in any other language .... Mr. Humber's work is characterised almost 
throughout by an exhaustiveness much more distinctive of French and Oerman than 
of English technical treatises."— ^M^/n^^r. 

Humbef^s Great Work on Bridge Construction. 

A COMPLETE and PRACTICAL TREATISE on CAST and 
WROUGHT-IRON BRIDGE CONSTRUCTION, including 
Iron Foundations. In Three Parts — Theoretical, Practical, and 
Descriptive. By William Humber, A. -M. Inst. C. E., and M. Inst 
M.E. Third Edition, with 115 Double Plates. In 2 vols. imp. 4to, 
6/. i6f. 6^. half-bound in morocco. 

" A book— and particularly a large and costly treatise like Mr. Humberts — which 
has reached its third edition may certainly be said to have established its owm 
reputation." — Engineering., 
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Humbers Modern Jingineertng. 

A RECORD of the PROGRESS of MODERN ENGINEER- 
ING. First SeriefS. Comprising Civil, Mechanical, Marine, Hy- 
draulic, Railway, Bridge, and other Engineering Works, &c. By 
William H umber, A.-M. Inst C.E., &c. Imp. 4to, with 
36 Double Plates, drawn to a large scale, and Portrait of John 
Hawkshaw, C.E., F.R.S., &c, and descriptive Letter-press, Speci- 
fications, &c. 3/. 3^. half morocco. 

List of the Plqtes and Diagrams. 



Victoria Station and Roof, L. B. & S 
C. R. (8 plates) ; Southport Pier (3 plates): 
Victona Station and Roof, L. C. & D. and 
G. W. R. (6 plates) ; Roof of Cremorae 
Music Hall ; Bridge over G. N. Railway ; 
Roof of Station, Dutch Rhenish Rail (u 



plates) ; Bridge over the Thames, West 
London Extension Railway (^ plates) : Ar- 
mour Plates ; Suspension Bridge, Thames 
(4 plates) : The Allen Eneine ; Suspension 
Bridge, Avon (3 platqs); Underground 
Railway (3 plates). 



" Handsomely lithographed and printed. It will find favour with many who desire 
to preserve in a permanent form copies of the plans and specifications prepared for the 

fuidance of the contractors for many important engineering works.** — Engineer. 
lUMBER'S RECORD OF MODERN ENGINEERING. Second 
Series. Imp. 4to, with 36 Double Plates, Portrait of Robert Ste- 
phenson, C.E., &c, and descriptive Letterpress, Specifications, 

&C. 3/. 3.f. half morocco. 

List of the Plates and Diaerams. 



Viaduct, Merthyr, Tredegar, and Aberga- 
venny Railway; College Wood Viaduct, 
Cornwall Railway ; Dublin Winter Palace 
Roof (3 plates) ; Bridge over the Thames, 
L. C and D. Railway (6 plates) ; Albert 
Harbour, Greenock (4 plates). 



Birkenhead Docks, Low Water Basin 
(15 plates): Charing Cross Station Roof, 
C. C. Railway (3 {Mates) ; Digswell Via- 
duct, G. N. Railway ; Robbery Wood 
Viaduct, G. N. Railway ; Iron Permanent 
Way; Clydach Viaduct, Merthyr, Tre- 
degar, and Abergavenny Railway ; Ebbw 

HUMBER'S RECORD OF MODERN ENGINEERING. Third 
Series. Imp. 4to, with 40 Double Plates, Portrait of J. R. M 'Clean, 
Esq., late Pres, Inst. C.E., and descriptive Letterpress, Specifica- 
tions, &c. 3/. 3J. half morocco. 

List of the Plates and Diagrams. 



Main Drainage, Metropolis. — 
'North Side. — Map showing Interception 
of Sewers ; Middle Level Sewer (3 plates) ; 
Guf fall Sewer, Bridge over River Lea (% 
plates); Outfall Sewer, Bridge over Marsh 
Lane, North Woolwich Railway, and Bow 
and Barking Railway Junction ; Outfall 
Sewer, Bridge over Bow and Barking 
Raflway (3 plates); Outfall Sewer, Bridge 
over East London Waterworks* Feeder 
(3 plates); Outfall Sewer, Reservoir (3 
plates): Outfall Sewer, Tumbling Bay 
and Outlet ; Outfall Sewer, Penstocks. 
South Side. — Outfall Sewer, Bermondsey 



Branch (s plates) ; Outfall Sewer, Reser- 
voir and Outlet (4 plates) ; Outfall Sewer, 
Filth Hoist; Sections of Sewers (North 
and South Sides). 

Thames Embankment. — Section of 
River Wall ; Steamboat Pier, Westminster 
(s plates) ; Landing Stairs between Cha- 
ring Cross and Waterloo Bridges ; York 
Gate (3 plates) ; Overflow and Outlet at 
Savoy Street Sewer (3 plates) ; Steamboat 
Pier, Waterloo Bridge (3 plates) ; Junc- 
tion of Sewers, Plans and Sections ; Gullies, 
Plans and Sections ; RoUin^^ Stock ; Gra- 
nite and Iron Forts. 



HUMBER'S RECORD OF MODERN ENGINEERING. Fourth 
Series. Imp. 4to, with 36 Double Plates, Portrait of John Fowler, 
Esq., late Pres. Inst. C.E., and descriptive Letterpress, Specifica- 
tions, &c. 3/. 3^. half morocco. 

List of the Plates and Diagrams. 



Abbey Mills Pumpmg Station, Main 
Drainage, Metropolis (4 plates) ; Barrow 
Docks (5 plates) ; Manquis Viaduct, San- 
tiago and Valparaiso Ra.ilway (3 plates) ; 
Adam's Locomotive, St. Helen's Canal 
Railway (2 plates) ; Cannon Street Station 
Roof, Channg Cross Railway (3 plates) ; 
Road Bridge over the River Moka (3 
plates)'. Telegraphic Apparatus for Meso- 



potamia ; Viaduct over the Rivw Wye, 
Midland Railway (3 plates) ; St. German's 
Viaduct, Cornwall Railway (3 plates) ; 
Wrought- Iron Cylinder for Diving Bell ; 
Millwall Docks (6 plates) ; Milroy's Patent 
Excavator, Metropolitan District Railway 
(6 platee) ; Harbours, Ports, and Break- 
waters (3 plates). 



PUBLISHED BY CROSBY LOCKWOOD & CO. 3 

Strains y Formula & Diagrams for Calculation of. 

A HANDY BOOK for the CALCULATION of STRAINS 
in GIRDERS and SIMILAR STRUCTURES, and their 
STRENGTH ; consisting of Formulae and Corresponding Diagrams, 
with numerous Details for Practical Application, &c. By William 
HuMBER, A.-M. Inst. C.E., &c. Third Edition. With nearly 
100 Woodcuts and 3 Plates, Crown 8vo, ^s, 6d, cloth. 
" The system of employing diagrams as a substitute for complex computations 

is one justly coming into great favour, and in that respect Mr. Humber's volume is 

fully up to the times," — Engineering. 

Strains. 

THE STRAINS ON STRUCTURES OF IRONWORK; 

with Practical Remarks on Iron Construction. By F. W. Sheilds, 

M. In&t. C.E. Second Edition, with 5 Plates. Royal 8vo, ^s, cloth. 

"The student cannot find a better book on this subject thanMr. Sheilds'." — Engineer. 

Barlow on the Strength of Materials y enlarged. 

A TREATISE ON THE STRENGTH OF MATERIALS, 
with Rules for application in Architecture, the Construction of 
Suspension Bridges, Railways, &c. ; and an Appendix on the 
Power of Locomotive Engines, and the effect of Inclined Planes 
and Gradients. By Peter Barlow, F.R.S. A New Edition, 
revised by his Sons, P. W. Barlow, F.R.S., and W. H. Barlow, 
F.R.S. The whole arranged and edited by W. Humber, A-M. 
Inst C.E. 8vo, 400 pp., with 19 large Plates, i&r. cloth. 
** The standard treatise upon this particular wSiiGQX,**^EngiMer» 

Strength of Cast Irony &c. 

A PRACTICAL ESSAY on the STRENGTH of CAST IRON 
and OTHER METALS. By T. Tredgold, C.E. 5th Edition. 
To which are added, Experimental Researches on the Strength, &c., 
of Cast Iron, by E. Hodgkinson, F.R.S. 8vo, 12s. clo3i. 

*^* Hodgkinson's Researches, separate, price dr. 

Hydraulics. 

HYDRAULIC TABLES, CO-EFFICIENTS, and FORMULAE 
for finding the Discharge of Water from Orifices, Notches, Weirs, 
Pipes, and Rivers. With New Formulae, Tables, and General 
Information on Rain-fall, Catchment-Basins, Drainage, Sewerage, 
Water Supply for Towns and Mill Power. By John Neville, 
Civil Engineer, M.R.I.A. Third Edition, carefully revised, with 
considerable Additions. Numerous Illustrations. Cr. 8vo, 141. cloth. 

"Undoubtedly an exceedingly useful and elaborate compilation." — Jrott. 

** Alike valuable to students and en^eers in practice." — Mining Journal, 

River Engineering. 

RIVER BARS : Notes on the Causes of their Formation, and on 
their Treatment by * Induced Tidal Scour,' with a Description of 
the Successful Reduction by this Method of the Bar at Dublin. By 
I. J. Mann, Assistant Engineer to the Dublin Port and Docks 
Board. With Illustrations. Royal 8vo. ys. 6d. cloth. 

Hydraulics. 

HYDRAULIC MANUAL. Consisting of Working Tables and 
Explanatory Text. Intended as a Guide in Hydraulic Calculations 
and Field Operations. By Lowis D'A. Jackson. Fourth 
Edition, Rewritten and Enlarged. Large Crown 8vo. [/// the press. 
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Levelling. 

A TREATISE on the PRINCIPLES and PRACTICE of 
LEVELLING ; showing its Application to Purposes of Railway 
and Civil Engineering, in the Construction of Roads ; with Mr. 
Telford's Rules for the same. By Frederick W. Simms, 
F.G.S., M. Inst. C.E. Sixth Edition, very carefully revised, with 
the addition of Mr, Law*s Practical Examples for Setting out 
Railway Curves, and Mr. Trautwine's Field Practice of Laying 
out Circular Curves. With 7 Plates and numerous Woodcuts. 8vo, 
&r. dd, cloth. %* Trautwine on Curves, separate, Sj. 

" The text-book on levelling in most of our engineering schools and colleges."^ 
Engimtr, 

Practical Tunnelling. 

PRACTICAL TUNNELLING : Explaining in detail the Setting 
out of the Works, Shaft-sinking and Heading-Driving, Ranging 
the Lines and Levelling under Ground, Sub- Excavating, Timbering, 
and the Construction of the Brickwork of Tunnels with the amount 
of labour required for, and the Cost of, the various portions of the 
work. By F. W. Simms, M. Inst. C.E. Third Edition, Revised 
and Extended. By D. KiNNEAR Clark, M.I. C.E. Imp. 8vo, 
with 21 Folding Plates and numerous Wood Engravings, 30J-. cloth. 
" It has been regarded from the first as a text-book of the subject. . . . Mr. Clark 
has added immensely to the value of the \iw^** •— Engineer, 

Steam. 

STEAM AND THE STEAM ENGINE, Stationary and Port- 
able. Being an Extension of Sewell's Treatise on Steam. By D. 
KiNNEAR Clark, M.I. C.E. Second Edition. i2mo, 4J. cloth. 

Civil and Hydraulic Engineering. 

CIVIL ENGINEERING. By Henry Law, M. InsL C.E. 
Including a Treatise on Hydraulic Engineering, by George R. 
Burnell, M.I. C.E. Sixth Edition, Revised, with large additions 
on Recent Practice in Civil Engineering, by D. KiNNEAR Clark, 
M. Inst. C.E. i2mo, 7j. 6</., doth boards. 

Gas-Lighting. 

COMMON SENSE FOR GAS-USERS : a Catechism of Gas- 
Lighting for Householders, Gasfitters, Millowners, Architects, 
Engineers, &c. By R. Wilson, C.E. 2nd Edition. Cr. 8vo, 2j. 6//. 

Bridge Construction in Masonry ^ Timber^ & Iron. 

EXAMPLES OF BRIDGE AND VIADUCT CONSTRUC- 
TION IN MASONRY, TIMBER, AND IRON ; consisting of 
46 Plates from the Contract Drawings or Admeasurement of select 
Works. By W. Davis Haskoll, C.E. Second Edition, with 
the addition of 554 Estimates, and the Practice of Setting out Works, 
with 6 pages of Diagrams. Imp. 4to, 2/. I2J. 6<^. hafi-morocco. 
" A work of the present nature by a nuun of Mr. Haskoll's experience, must prove 
invaluable. The tables of estimates considerably enhance its value.*'— j^Mj^^rfMs^ . 

Earthwork. 

EARTHWORK TABLES, showing the Contents in Cubic Yards 
of Embankments, Cuttings, &c., of Heights or Depths up to an 
average of 80 feet By Joseph Broadbent, CE., and Francis 
Campin, CE, Cr. 8vo, oblong, 5/. doth. 



PUBLISHED BY CROSBY LOCKWOOD & CO. 5 

Tramways and their Working. 

TRAMWAYS: their CONSTRUCTION and WORKING.' 
With Special Reference to the Tramways of the United Kingdom. 
By D. KiNNEAR Clark, M.I.C.E. Supplementary Volume; 
recording the Progress recently made in the Design and Construc- 
tion of Tramways, and in the Means of Locomotion by Mechanical 
Power. With Wood Engravings. 8vo, I2J. cloth. 

Tramways and their Working. 

TRAMWAYS: their CONSTRUCTION and WORKING. 
By D. KiNNEAR Clark, M. Inst. C. E. With Wood En- 
gravings, and thirteen folding Plates. The Complete Work, in 
2 vols., Large Crown 8vo, 30J. cloth. 
" All interested in tramways must refer to it» as all railway engineers have turned 
to the author's work 'Railway Machinery.'**— T'A^ ^«Ef»Wtfr. 

Pioneer Engineering. 

PIONEER ENGINEERING. A Treatise on the Engineering 
Operations connected with the Settlement of Waste Lands in New 
Countries. By Edward Dobson, A.I.C.E. With Plates and 
Wood Engravings. Revised Edition. i2mo, 5j. cloth. 
" A workmanlike production, and one without possession of which no man should 
start to encounter the duties of a pioneer engineer. * — Athenaum. 

Steam Engine. 

TEXT-BOOK ON THE STEAM ENGINE. By T. M. 
Goodeve, M.A., Barrister-at-Law, Author of **The Principles 
of Mechanics," "The Elements of Mechanism," &c. Fourth 
Edition. With numerous Illustrations. Crown 8vo, dr. cloth. 
"Mr. Goodeve's text-book is a work of which every young engineer should pos- 
sess himself."— Afmm^ Journal. 

Steam. 

THE SAFE USE OF STEAM : containing Rules for Unpro- 
fessional Steam Users. By an Engineer. 4th Edition. Sewed, 6^. 

'* If steam-users would but learn this little book by heart, boiler explosions would 
become sensations by their rarity."— ^m^<&A Mechanic. 

Mechanical Engineering. 

DETAILS OF MACHINERY : Comprising Instructions for the 
Execution of various Works in Iron, in the Fitting-Shop, Foundry, 
and Boiler- Yard. Arranged expressly for the use of Draughts- 
men, Students, and Foremen Engineers. By Francis Campin, 
C.E. i2mo. 3 J. (>d. cloth. \Ju5t published. 

Mechanical Engineering. 

MECHANICAL ENGINEERING : Comprising Metallurgy, 
Moulding, Casting, Forging, Tools, Workshop Machinery, Manu- 
facture of the Steam Engine, &c. By F. Campin, C.E. 3^. cloth. 

Works of Construction. 

MATERIALS AND CONSTRUCTION : a Theoretical and 
Practical Treatise on the Strains, Designing, and Erection of 
Works of Construction. ByF. Campin,C.E. i2mo. y. 6d. cL brds. 

Iron BridgeSy Girders^ Roofsy &c. 

A TREATISE ON THE APPLICATION OF IRON 
TO THE CONSTRUCTION OF BRIDGES, GIRDERS, 
ROOFS, AND OTHER WORKS. ByF. Campin, C.E. i2mo,3J. 
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Boiler Construction. 

THE MECHANICAL ENGINEER'S OFFICE BOOK: 
Boiler Construction. By Nelson Foley, Cardiff, late Assistant 
Manager Palmer's Engine Works, Jarrow. With 29 full-page • 
Lithographic Diagrams. Folio 2iJ. half -bound. 

Oblique Arches. 

A PRACTICAL TREATISE ON THE CONSTRUCTION of 
OBLIQUE ARCHES. By John Hart. srdEd. Imp. 8vo, Sj.doth. 

Oblique Bridges. 

A PRACTICAL and THEORETICAL ESSAY on OBLIQUE 
BRIDGES, with 13 large Plates. By the late Geo. Watson 
Buck, M. I. C. E. Third Edition, revised by his Son, J. H. Watson 
Buck, M.I.C.E. ; and with the addition of Description to Dia- 
grams for Facilitating the Construction of Oblique Bridges, by 
W. H. Barlow, M. I. C. E. Royal 8vo, I2j. doth. 
" The standard text book for all engineers r^arding skew arches."— J^n^fiMMr. 

Gas and Gasworks. 

THE CONSTRUCTION OF GASWORKS AND THE 
MANUFACTURE AND DISTRIBUTION OF COAL-GAS. 
Originally written by S. Hughes, C.E. Sixth Edition. Re-written 
and enlarged, by W. Richards, C.E. i2mo, 5j. doth. 

Waterworks for Cities and Towns. 

WATERWORKS for the SUPPLY of CITIES and TOWNS, 
with a Description of the Principal Geological Formations of Eng- 
land as influencing Supplies of Water. By S. Hughes. 4/. td. doth. 

Locomotive- Engine Driving. 

LOCOMOTIVE-ENGINE DRIVING ; a Practical Manual for 
Engineers in charge of Locomotive Engines. By Michael 
Reynolds, M.S.E. Fifth Edition. Comprising A KEY TO THE 
LOCOMOTIVE ENGINE. With Illustrations. Cr.8vo,4J.6</. cL 
" Mr. Reynolds has supplied a want, and has supplied it well." — Engineer, 

The Engineer^ Fireman^ and Engine-Boy. 

THE MODEL LOCOMOTIVE ENGINEER, FIREMAN, 
AND ENGINE-BOY. By M. Reynolds. Crown 8vo, 4J. 6d. 

Stationary Engine Driving. 

STATIONARY ENGINE DRIVING. A Practical Manual for 
Engineers in Charge of Stationary Engines. By Michael Rey- 
nolds. Second Edition, Revised and Enlarged. With Plates and 
Woodcuts. Crown 8vo, 4J. 6d, cloth. \yust published. 

Engine- Driving Life. 

ENGINE-DRIVING LIFE ; or Stirring Adventures and Ind- 
dents in the Lives of Locomotive Engine- Drivers. By Michael 
Reynolds. Crown 8vo, 2s, cloth. 

Continuous Railway Brakes. 

CONTINUOUS RAILWAY BRAKES. A Practical Treatise on 
the several Systems in Use in the United Kingdom ; their Construc- 
tion and Performance. With copious lUustractions and numerous 
Tables. By Michael Reynolds. Large Crown 8vo, gj. cloth. 

\yu5t published. 
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Constrtiction of Iron Beams, Pillars^ &c. 

IRON AND HEAT ; exhibiting the Principles concerned in the 
construction of Iron Beams, Pillars, and Bridge Girders, and the 
Action of Heat in the Smelting Furnace. By J. Armour, C. E. 3j. 

Fire Engineering, 

FIRES, FIRE-ENGINES, AND FIRE BRIGADES. With 
a History of Fire-Engines, their Construction, Use, and Manage- 
ment ; Remarks on Fire- Proof Buildings, and the Preservation of 
Life from Fire ; Statistics of the Fire Appliances in English 
Towns ; Foreign Fire Systems ; Hints on Fire Brigades, &c., &c. 
By Charles F. T. Young, C.E, With numerous Illustrations, 
handsomely printed, 544 pp., demy 8vo, i/. 4r. cloth. 
'* We can most heartily oommend xxa&yo(:^KJ*— Engineering. 

"Mr. Young's book on 'Fire Engines and Fire Brigades' contains a mass of 
information, which has been collected from a variety of sources. The subject is so 
intensely interesting and useful that it demands consideration."— ^»2^i>2j^ News. 

Trigonometrical Surveying. 

AN OUTLINE OF THE METHOD OF CONDUCTING A 
TRIGONOMETRICAL SURVEY, for the Formation of Geo- 
graphical and Topographical Maps and Plans, Military Recon- 
naissance, Levelling, &c., with the most useful Problems in Geodesy 
and Practical Astronomy. By Lieut. -Gen. Frome, R.E., late In- 
spector-General of Fortifications. Fourth Edition, Enlarged, and 
partly Re-written. By Captain Charles Warren, R.E, With 
19 Plates and 11$ Woodcuts, royal 8vo, idr. cloth. 

Tables of Curves. 

TABLES OF TANGENTIAL ANGLES and MULTIPLES 
for setting out Curves from 5 to 200 Radius. By Alexander 
Beazeley, M. Inst. C.E. Second Edition. Printed on 48 Cards, 
and sold in a cloth box, waistcoat-pocket size, 3^. td, 
'* Each table is printed on a small card, which, being placed on the theodolite, leaves 
the hands free to manipulate the 'mstxnmcpt.**— ^Engineer. 

** Very handy ; a man may know that all his day's work must fall on two of these 
cards, which he puts into his own card-case, and leaves the rest behind." — 

Engineering Fieldwork. [Athen^m. 

THE PRACTICE OF ENGINEERING FIELDWORK, 
applied to Land and Hydraulic, Hydrographic, and Submarine 
Surveying and Lerelling. Second Edition, revised, with consider- 
able additions, and a Supplement on WATERWORKS, SEWERS, 
SEWAGE, and IRRIGATION. By W. Davis Haskoll, C.E. 
Numerous folding Plates. In i Vol., demy 8vo, l/. 5^., cl. boards. 

Large Tunnel Shafts. 

THE CONSTRUCTION OF LARGE TUNNEL SHAFTS. 
A Practical and Theoretical Essay. By J. H. Watson Buck, 
M. Inst. C.E., Resident Engineer, London and North- Western 
Railway. Illustrated with Folding Plates. Royal 8vo, I2J. cloth. 
" Many of the methods given are of extreme practical value to the mason, and the 
observations on the form of arch, the rules for ordering the stone, and the construc- 
tion oif the templates, will be found of considerable use. We commend the book to 
the engineering profession, and to all who have to build similar shafts." — Buiiding 
Nev/5. 

** Will be regarded by civil engineers as of the utmost value, and calculated to save 
much time and obviate many mistakes."— Ct^^/ti^O' Guardian, 
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Survey Practice. 

AID TO SURVEY PRACTICE : for Reference in Surveying, 

Levelling, Setting-out and in Route Surveys of Travellers by Land 

and Sea. With Tables, Illustrations, and Records. By Lowis 

D' A. Jackson, A. -M. I. C. E. Author of * * Hydraulic Manual and 

Statistics," &c. Large crown 8vo, I2J. 6^., cloth. 

" Mr. Jackson has produced a valuable vade-mecum for the surveyor. We can 

reoommeHd this book as containing an admirable supplement to the teaching of the 

accomplished surveyor." — Atheneeutn. 

" A general text book was wanted, and we are able to speak with confidence of 
Mr Jackson's treatise. . . . We cannot recommend to the student who knows 
something of the mathematical principles of the subject a better course than to fortify 
his practice in the field under a competent surveyor with a study of Mr. Jackson s 
useful manual. The field records illustrate every kind of siurvey, and will be foimd 
an essential aid to the student." — Building News. 

** The author brings to his work a fortunate union of theory and practical expe- 
rience which, aided by a clear and lucid style of writing, renders the book both a very 
useful one and very agreeable to read." — Builder, 

Sanitary Work. 

SANITARY WORK IN THE SMALLER TOWNS AND 
IN VILLAGES. Comprising : — i. Some of the more Common 
Forms of Nuisance and their Remedies ; 2. Drainage ; 3. Water 
Supply. By Chas. Slagg, Assoc Inst. C. E. Crown 8vo, 3J. cloth. 
"A very useful book, and may be safely recommended. The author has had 
practical experience in tne works of which he Xxta!is,""Builder. 

Locomotives. 

LOCOMOTIVE ENGINES, A Rudimentary Treatise on. Com- 
prising an Historical Sketch and Description of the Locomotive 
Engine. By G. D. Dempsey, C.E. With large additions treat- 
ing of the Modern Locomotive, by D. Kinnear Clark, C.E., 
M.I.C.E., Author of "Tramways, their Construction and Working," 
&c., &c With numerous Illustrations. i2mo. y, 6d. cloth boards. 
" The student cannot fail to profit largely by adopting this as his preliminary text- 
book."— '/nw and Coal Trades Review. 

*' Seems a model of what an elementary technical book should be.*' — Academy. 

Fuels and their Economy. 

FUEL, its Combustion and Economy ; consisting of an Abridg- 
ment of "A Treatise on the Combustion of Coal and the Prevention 
of Smoke." By C. W. Williams, A. I. C.E. With extensive 
additions on Recent Practice in the Combustion and Economy of 
Fuel— Coal, Coke, Wood, Peat, Petroleum, &c. ; by D. KiN- 
NEAR Clark, C.E., M.I. C.E. Second Edition, revised. With 
numerous Illustrations. i2mo. 4^. cloth boards. 
" Students should buy the book and read it, as one of the most complete and satis- 
factory treatises on the combustion and economy of fuel to be had." — Engineer. 

Roads and Streets. 

THE CONSTRUCTION OF ROADS AND STREETS. In 
Two Parts. I. The Art of Constructing Common Roads. By 
Henry Law, C.E. Revised and Condensed. II. Recent 
Practice in the Construction of Roads and Streets : including 
Pavements of Stone, Wood, and Asphalte. By D. Kinnear 
Clark, C.E., M.I. C.E. Second Edit, revised. i2mo, 5j. cloth. 
** A book which every borough surveyor and engineer must possess, and which will 

be of considerable service to architects, builders, and property owners generally."— 

Building News. 
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Sewing Machine {The). 

SEWING MACHINERY ; being a Practical Manual of the 
Sewing Machine, comprising its History and Details of its Con- 
struction, with full Technical Directions for the Adjusting of Sew- 
ing Machines. By J. W. Urquhart, Author of "Electro 
Plating: a Practical Manual;" "Electric Light: its Production 
and Use.** With Numerous Illustrations. i2mo, 2j. 6^. cloth. 

Field-Book for Engineers. 

THE ENGINEER'S, MINING SURVEYOR'S, and CON- 
TRACTOR'S FIELD-BOOK. By W. Davis Haskoll, C.E. 
Consisting of a Series of Tables, with Rules, Explanations of 
S)rstems, and Use of Theodolite for Traverse Surveying and Plotting 
the Work with, minute accuracy by means of Straight Edge and Set 
Square only ; Levelling with the Theodolite, Casting out and Re- 
ducing Levels to Datum, and Plotting Sections in the ordinary 
manner; Setting out Curves with the Theodolite by Tangential 
Angles and Multiples with Right and Left-hand Readings of the 
Instrument ; Setting out Curves without Theodolite on the System 
of Tangential Angles by Sets of Tangents and Offsets ; and Earth- 
work Tables to 80 feet deep, calculated for every 6 inches in depth. 
With numerous Woodcuts. 4th Edition, enlarged. Cr. 8vo. I2j. cloth. 
" The book is very handy, and the author might have added that the separate tables 

of sines and tangents to every minute will make it useful for many other purposes, the 

genuine traverse tables existmg all the same." — Athetueum. 

" Cannot fail, from its portability and utility, to be extensively patronised by the 

engineering profession."— Af««ft»^ Journal, 

Earthwork^ Measurement and Calculation of. 

A MANUAL on EARTHWORK. By Alex. J. S. Graham, 
C.K, Resident Engineer, Forest of Dean Central Railway. With 
numerous Diagrams. i8mo, 2J. td. cloth. 
*' As a really handy book for reference, we know of no work equal to it ; and the 
railway eneineeirs and others employed in the measurement and calculation of earth- 
work will find a great amount of practical information very admirably arranged, and 
available for general or rough estimates, as well as for the more exact calculations 
required in the engineers' contractor's o&ces.**—'Artuan, 

Drawing for Engineers^ &c. 

THE WORKMAN'S MANUAL OF ENGINEERING 
DRAWING. By John Maxton, Instructor in Engineering 
Drawing, Royal Naval College, Greenwich, formerly of R. S. N. A., 
South Kensington. Fourth Edition, carefully revised. With upwards 
of 300 Plates and Diagrams. i2mo, cloth, strongly bound, 41. 

" A copy of it should be kept for reference in every drawing office." — Engineering. 

*' Indispensable for teachers of engineering drawing." — Mechanics* Magazine, 

Wealds Dictionary of Terms. 

A DICTIONARY of TERMS used in ARCHITECTURE, 
BUILDING, ENGINEERING, MINING, METALLURGY, 
ARCHAEOLOGY, the FINE ARTS, &c. By John Wkale. 
Fifth Edition, revised by Robert Hunt, F.R.S., Keeper of Mining 
Records, Editor of '* Ure's Dictionary of Arts." i2mo, 6s. cl. bds. 

*' The best small technological dictionary' in the language." — Architect. 

" The absolute accuracy of a work of this character can only be judged of after 
extensive consultation, and from our examination it appears very correct and very 
covaf\tX/tJ*'^Mimn£ youmal. 
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MINING, METALLURGY, ETC. 

♦ ■ 

Coal and Iron. 

THE COAL AND IRON INDUSTRIES OF THE UNITED 
KINGDOM : comprising a Description of the Coal Fields, and of 
the Principal Seams of Coal, with returns of their Produce and its 
Distribution, and Analyses of Special Varieties. Also, an Account 
of the occurrence of Iron Ores in Veins or Seams ; Analyses of 
each Variety ; and a History of the Rise and Progress of Pig Iron 
Manufacture since the year 1740, exhibiting the economies intro- 
duced in the Blast Furnaces for its Production and Improvement. 
By Richard Meade, Assistant Keeper of Mining Records. With 
Maps of the Coal Fields and Ironstone Deposits of the United 
Kingdom. 8vo., £\ 8j. cloth. [Jusi published. 

Metalliferous Minerals and Mining. 

A TREATISE ON METALLIFEROUS MINERALS AND 
MINING. By D.C. Davies, F.G.S., author of " A Treatise on 
Slate and Slate Quarrying." "With numerous wood engravings. 
Second Edition, revised. Cr. 8vo. I2J. dd, cloth. 
/' Without question, the most exhaustive and the most practically useful work we 

have seen ; the amotmt of information given is enormous, and it is given concu>eiy 

and intelligibly." — Mining youmal. 

Slate and Slate Qtcarrying. 

A TREATISE ON SLATE AND SLATE QUARRYING, 
Scientific, Practical, and Commercial. By D. C. Davies, F.G.S., 
Mining Engineer, &c. With numerous Illustrations and Folding 
Plates. Second Edition, carefully revised. i2mo, 3J. 6d, cloth boards. 
** Mr. Davies has written a useful and practical hand-book on an important industry, 
with all the conditions and details of which he appears familiar." — Engineering. 

Metallurgy of Iron. 

A TREATISE ON THE METALLURGY OF IRON : con- 
taining Outlines of the History of Iron Manufacture, Methods of 
Assay, and Analyses of Iron Ores, Processes of Manufacture of 
Iron and Steel, &c. By H. Bauerman, F.G.S. Fifth Edition, 
Revised and greatly Enlarged. With Numerous Illustrations, 
l2mo. 5 J. 6^. , cloth boards. [Just published, 

Mantcal of Mining Tools. 

MINING TOOLS. For the use of Mine Managers* Agents, 
Mining Students, &c By William Morgans. Volume of Text. 
i2mo, 3^. With an Atlas of Plates, containing 235 Illustrations. 
4to, 6s, Together, 9j. cloth boards. 

Minings Surveying and Valuing. 

THE MINERAL SURVEYOR AND VALUER'S COM- 
PLETE GUIDE, comprising a Treatise on Improved Mining 
Surveying, with new Traverse Tables ; and Descriptions of Im- 
proved Instruments ; also an Exposition of the Correct Principles 
of Laying out and Valuing Home and Foreign Iron and Coal 
Mineral Properties. By William Lintern, Mining and Civil 
Engineer. With four Plates of Diagrams, Plans, &c., i2mo, 4^. cloth. 
♦^* The above, bound with Thoman's Tables, (See page 20.) 
Price 7 J. 6d, cloth. 
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Coal and Coal Mining. 

COAL AND COAL MINING : a Rudimentary Treatise oiu By 

Wabington W. Smyth, M,A., F.R.S., &c., Chief Inspector 

of the Mines of the Crown. Fifth edition, revised and corrected. 

l2mo, with numerous Illustrations, 4^. doth boards. 
"Evei - 




as an out 

of the two principal methocTs of working, the book will doubtless interest a very 

larj^e number of readers." — Mining youmal. 

Underground Pumping Machinery. 

MINE DRAINAGE ; being a Complete and Practical Treatise 
on Direct- Acting Underground Steam Pumping Machinery, with 
a Description of a large number of the best known Engines, their 
General Utility and the Special Sphere of their Action, the Mode 
of their Application, and their merits compared with other forms of 
Pumping Machinery. By Stephen Michell, Joint- Author of "The 
Cornish System of Mine Drainage." 8vo, 1 5 j. cloth. 



NAVAL ARCHITECTURE, NAVIGATION, ETC. 

—--I 

Pocket Book for Naval Architects<5f Shipbuilders. 

THE NAVAL ARCHITECT'S AND SHIPBUILDER'S 
POCKET BOOK OF FORMULAE, RULES, AND TABLES 
AND MARINE ENGINEER'S AND SURVEYOR'S HANDY 
BOOK OF REFERENCE. By Clement Mackrow, M. Inst. 
N. A., Naval Draughtsman. Second Edition, revised. "With 
numerous Diagrams. Fcap., I2s, 6d,, strongly botmd in leather. 
" Should be used by all who are engaged in the construction or design of vessels. '' 
—JEntiMeer. 

'* There is scarcely a subject on which a naval architect or shipbuilder can require 
to refresh his memory which will not be found within the covers of Mr. Mackrow's 
book." — English Mechanic. 

** Mr. Mackrow has compressed an extraordinary amount of information into this 
useful yohxE[kt,**—Athetueum. 

Grantham's Iron Ship-Building. 

ON IRON SHIP-BUILDING; with Practical Examples and 
Details. Fifth Edition. Imp. 4to, boards, enlai^ed from 24 to 40 
Plates (21 quite new), including the latest Examples. Together 
with separate Text, also considerably enlarged, i2mo, cloth limp. 
By John Grantham, M. Inst. C.E., &c 2/. 2s. complete. 

" Mr. Grantham's work is of great interest. It will, we are confident, command an 
extensive circulation among shipbuilders in general. By order of the Board of Admi- 
ralty, the work will form the text-book on which the examination in iron ship-building 
of candidates for promotion in the dockyards will be mainly based." — Engineering. 

Pocket'Book for Marine Engineers. 

A POCKET-BOOK OF USEFUL TABLES AND FOR- 
MULA FOR MARINE ENGINEERS. By Frank Proctor, 
A.I.N.A. Third Edition. Royal 32mo, leather, gilt edges, 4J. 

"A most useful companion to all marine engineers."— £/»(/«</ Service Gazette. 

"Scarcely anything required by a navsd engineer appears to have been for- 
gotten."— /fVM. 
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L ight'Houses. 

EUROPEAN LIGHT-HOUSE SYSTEMS ; being a Report of 
a Tour of Inspection made in 1873. By Major George H. 
Elliot, Corps of Engineers, U.S.A. Illustrated by 51 En- 
gravings and 31 Woodcuts in the Text. 8vo, 21J. clotb. 

Surveying [Land and Marine). 

LAND AND MARINE SURVEYING, in Reference to the 
Preparation of Plans for Roads and Railways, Canals, Rivers, 
Tov/ns* Water Supplies, Docks and Harbours ; with Description 
and Use of Surveying Instruments. By W. Davis Haskoll, C. E. 
With 14 folding Plates, and numerous Woodcuts. 8vo, 12s, &d, cloth. 

"A most useful and well arranged book for the aid of a student" — Builder. 

" Of the utmost practical utility, and may be safely recommended to all students 
who aspire to become clean and expert surveyors." — Mining yottmal. 

Storms. 

STORMS I their Nature, Classification, and Laws, with the 
Means of Predicting them by their Embodiments, the Clouds. 
By William Blasius. Crown 8vo, lor. 6</. cloth boards. 

Rudimentary Navigation, 

THE SAILOR'S SEA-BOOK: a Rudimentary Treatise on Navi- 
gation. By James Greenwood, B. A. New and enlarged edition. 
By W. H. Rosser. i2mo, 3J. cloth boards. 

Mathematical and Nautical Tables. 

MATHEMATICAL TABLES, for Trigonometrical, Astronomical 
and Nautical Calculations ; to which is prefixed a Treatise on 
Logarithms. By Henry Law, C. E. Together with a Series of 
Tables for Navigation and Nautical Astronomy. By J. R. 
Young, formerly Professor of Mathematics in Belfast College. 
New Edition. i2mo, 4J. cloth boards. 

Navigation {Practical)^ with Tables. 

PRACTICAL NAVIGATION : consisting of the Sailor's Sea- 
Book, by James Greenwood and W. H. Rosser ; together 
with the requisite Mathematical and Nautical Tables for the Work- 
ing of the Problems. By Henry Law, C.E., and Professor 
J. R. Young. Illustrated with numerous Wood Engravings and 
Coloured Plates. i2mo, *js. strongly half bound in leather. 

WEALE'S RUDIMENTARY SERIES. 

Tke following books in Naval Architecture^ etc.y are published in the 

above series. 

MASTING, MAST-MAKING, AND RIGGING OF SHIPS. By 

Robert Kipping, N.A. Fourteenth Edition. i2mo, 2s.6d. cloth. 

SAILS AND SAIL-MAKING. Tenth Edition, enlarged. By 

Robert Kipping, N.A. Illustrated. i2mo, 31. cloth boards. 
NAVAL ARCHITECTURE. By James Peake. Fourth Edition, 
with Plates and Diagrams. l2mo, 4^. cloth boards. 
i MARINE ENGINES, AND STEAM VESSELS. By Robert 

r Murray, C.E. Seventh Edition. i2mo, 3^. 6d. cloth boards. 
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ARCHITECTURE, BUILDING, ETC. 



Construction. — • — 

THE SCIENCE of BUILDING : An Elementary Treatise on 
the Principles of Construction. By E. Wyndham Tarn, M.A'., 
Architect. With 58 Wood Engravings. Second Edition, revised and 
enlarged, including an entirely new chapter on the Nature of 
Lightning, and the Means of Protecting Buildings from its Violence. 
Crown 8vo, yj, dd, cloth. 
** A very valuable book, which we strongly recommend to all students." — Builder, 
'* No architectural student should be without this hand-book." — Archiieci. 

Civil and Ecclesiastical Building. 

A BOOK ON BUILDING, CIVIL AND ECCLESIASTICAL, 
Including Church Restoration. By Sir Edmund Beckett, 
Bart., LL.D., Q.C., F.R.A.S. Author of "Clocks and 
Watches and Bells," &c. i2mo, 5j. cloth boards. 
*' A book which is always amusing and nearly always instructive. We are able 
very cordially to recommend all persons to read it for themselves. "—Times. 

"We commend the book to the thoughtful consideration of all who are interested 
in the building 9xX,.*'— Builder. 

Villa Architecture. 

A HANDY BOOK of VILLA ARCHITECTURE ; being a 
Series of Designs for Villa Residences in various Styles. With 
Detailed Specifications and Estimates. By C. Wickes, Architect, 
Author of " The Spires and Towers of the Mediaeval Churches of Eng- 
land," &c. 30 Plates, 4to, half morocco, gilt edges, i/. u. 
*^j* Also an Enlarged edition of the above. 61 Plates, with Detailed 
Specifications, Estimates, &c. 2/. 2s, half morocco. 

Useful Text- Book for Architects. 

THE ARCHITECT'S GUIDE : Being a Text-book of Useful 
Information for Architects, Engineers, Surveyors, Contractors, 
Clerks of Works, &c B)r F. Rogers. Cr. 8vo, 6j. cloth. 

"As a text-book of useful information for architects, engineers, surveyors, &c., it 
would be hard to find a handier or more complete little volume." — Standard. 

The Young Architect's Book. 

HINTS TO YOUNG ARCHITECTS. By G. Wightwick. 
New Edition. By G. H. Guillaume. i2mo, cloth, 4?. 
" Will be found an acquisition to pupils, and a copy ought to be considered as 
necessary a purchase as a box of instruments." — Architect. 

Drawing for Builders and Students. 

PRACTICAL RULES ON DRAWING for the OPERATIVE 
BUILDER and YOUNG STUDENT in ARCHITECTURE. 
By George Pyne. With 14 Plates, 4to, yj. (id. boards. 

Boiler and Factory Chimneys. 

BOILER AND FACTORY CHIMNEYS ; their Draught -power 
and Stability, with a chapter on Lightning Conductors, By Robert 
Wilson, C.E. Crown 8vo, 3J. td, cloth. 
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Taylor and Cresys Rome, 

THE ARCHITECTURAL ANTIQUITIES OF ROME. By 
the late G. L. Taylor, Esq., F.S.A., and Edward Cresy, Esq. 
New Edition, Edited by the Rev. Alexander Taylor, M. A. (sod 
of the late G. L. Taylor, Esq.) This is the only book which gives 
on a large scale, and with the precision of architectural measure- 
ment, the principal Monuments of Ancient Rome in plan, elevation, 
and detail. Large folio, with 130 Plates, half-bound, 3/. 3j. 
* ^* Originally published in two volumes, folio, at 18/. i8j, 

Vitruviui Architectu7^e. 

THE ARCHITECTURE OF MARCUS VITRUVIUS 
POLLIO. Translated by Joseph Gwilt, F.S.A, F.R.A.S. 
Numerous Plates. i2mo, cloth limp, 5j. 

Ancient Architecture, 

RUDIMENTARY ARCHITECTURE (ANCIENT); com- 
prising VITRUVIUS, translated by Joseph Gwilt, F.S.A., 
&c., with 23 fine plates ; and GRECIAN ARCHITECTURE. 
By the Earl of Aberdeen ; lamo, 6j., half-bound. 
*^^♦ The only edition of VITRUVIUS procurable at a moderate price. 

Modern Architecture, 

RUDIMENTARY ARCHITECTURE (MODERN); com- 
prising THE ORDERS OF ARCHITECTURE. By W. H. 
Leeds, Esq. ; TheSTYLES of ARCHITECTURE of VARIOUS 
COUNTRIES. By T. Talbot Bury ; and The PRINCIPLES 
of DESIGN in ARCHITECTURE. By E. L. Garbett. 
Numerous illustrations, I2mo, dr. half-bound. 

Civil Architecture. 

A TREATISE on THE DECORATIVE PART of CIVIL 
ARCHITECTURE. By Sir William Chambers, F.R.S. 
With Illustrations, Notes, and an Examination of Grecian Ardii- 
tecture. By Joseph Gwilt, F.S. A. Revised and edited by W. 
H. Leeds. 66 Plates, 4to, 2\s, cloth. 

House Painting. 

HOUSE PAINTING, GRAINING, MARBLING, AND 
SIGN WRITING : a Practical Manual of. With 9 Coloured 
Plates of Woods and Marbles, and nearly 150 Wood Engravings. 
By Ellis A. Davidson. Third Edition, Revised. i2mo, 6j. cloth. 

Plumbing, 

PLUMBING ; aText-book to the Practice of the Art or Crafl of the 
Plumber. With chapters upon House- drainage, embodying the 
latest Improvements. By W. P. BucHAN, Sanitary Engineer. 
Fourth Edition, Revised and much enlarged, with 300 illustrations, 
l2mo. 4r. cloth. [jfttst published, 

joints used in Buildings Engineerings &c. 

THE JOINTS MADE AND USED BY BUILDERS in the 
construction of various kinds of Engineering and Architectural 
works, with especial reference to those wrought by artificers in 
erecting and finishing Habitable Structures. By W. J. Christy, 
Architect. With 160 Illustrations. i2mo, 3^, 61/. cloth boards. 

\ymt published. 
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Handbook of Specifications. 

THE HANDBOOK OF SPECIFICATIONS; or, Practical 
Guide to the Architect, Engineer,. Surveyor, and Builder, in drawing 
up Specifications and Contracts for Works and Constructions. 
Illustrated by Precedents of Buildings actually executed by eminent 
Architects and Engineers. By Professor Thomas L. Donald- 
son, M.I.B.A. New Edition, in One large volume, 8vo, with 
upwards of looo pages of text, and 33 Plates, cloth, i/. lu. 6^. 
** In this work forty-four specifications of executed i^orks are given. . . . Donald- 
son's Handbook of Specifications must be bought by all architects." — Builder. 

Specifications for Practical A rckitecture. 

SPECIFICATIONS FOR PRACTICAL ARCHITECTURE : 
A Guide to the Architect, Engineer, Surveyor, and Builder ; with 
an Essay on the Structure and Science of Modem Buildings. By 
Frederick Rogers, Architect. 8vo, 15J. cloth. 

*♦* A volume of specifications of a practical character being greatly required, and the 
old standard work of Alfred Bartholomew being out of print, the author, on the basis 
of that work, has produced the above. — Extract from Preface, 

Designing, Measuring, and Valuing. 

THE STUDENT'S GUIDE to the PRACTICE of MEA- 
SURINGand VALUING ARTIFICERS' WORKS; containing 
Directions for taking Dimensions, Abstracting the same, and bringing 
the Quantities into Bill, with Tables of Constants, and copious 
Memoranda for the Valuation of Labour and Materials in the re- 
spective Trades of Bricklayer and Slater, Carpenter and Joiner, 
Painter and Glazier, Paperhanger, &c. With 43 Plates and Wood- 
cuts. Originally edited by Edward Dobson, Architect. New 
Edition, re-written, with Additions on Mensuration and Construc- 
tion, and useful Tables for facilitating Calculations and Measure- 
ments. By E. Wyndham Tarn, M.A., 8vo, lor. 6^. cloth. 
" Well fulfils the promise of its title-page. Mr. Tarn's additions and revisions have 
much increased the usefulness of the work.** — Engineering, 

Beaton's Pocket Estimator. 

THE POCKET ESTIMATOR FOR THE BUILDING 
TRADES, being an easy method of estimating the various parts 
of a Building collectively, more especially applied to Carpenters* 
and Joiners* work. By A. C. Beaton. Second Edition. 
Waistcoat-pocket size. \s. 6d. 

B eato ft s Builders^ and Surveyors' Technical Guide. 

THE POCKET TECHNICAL GUIDE AND MEASURER 
FOR BUILDERS AND SURVEYORS: containing a Complete 
Explanation of the Terms used in Building Construction, Memo- 
randa for Reference, Technical Directions for Measuring Work in 
all the Building Trades, &c. By A. C. Beaton, u. 6^. 

The House-Owner's Estimator. 

THE HOUSE-OWNER'S ESTIMATOR ; or, What wiU it 
Cost to Build, Alter, or Repair? A Price- Book for Unprofes- 
sional People, Architectural Surveyors, Builders, &c. By the late 
James D. Simon. Edited by F. T. W. Miller, A.R.I.B.A. 
Third Edition, Revised. Crown 8vo, 31". 6^., cloth. 
** In two years it will repay its cost a hundred times over." — Field* 
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Cement. 

PORTLAND CEMENT FOR USERS. By Henry Faija, 
A.M. Inst. C.E., with Illustrations. Crown 8vo. 3^. 6^. cloth. 
" A useful compendium of results for the builder and architect." — Building News. 

Builders and Cofztractors Price Book. 

LOCKWOOD & CO.'S BUILDER'S AND CONTRACTOR'S 
PRICE BOOK, containing the latest prices of all kinds of Builders* 
Materials and Labour, and of all Trades connected with Building, 
&c. Revised by F. T. W. Miller, A. R. I. B. A. Half-bound, 4X. 



" Sverything it pretends to be : built up gradually, it leads one from a forest to a 
treenail, and tiirows in, as a makeweight, a host of material concerning bricks, columns, 
cisterns, &c. — all that the class to whom it appeals requires."-— ^wf/uA Mechanic, 



Timber Freight Book, 

THE TIMBER IMPORTERS' AND SHIPOWNER?' 
FREIGHT BOOK : Being a Comprehensive Series of Tables fcf 
the Use of Timber Importers, Captams of Ships, Shipbrokers, 
Builders, and Others. By W. Richardson. Crown 8vo, 6x. 

Tables for Packing-Case Makers. 

PACKING-CASE TABLES ; showing the number of Superfidnl 
Feet in Boxes or Packing-Cases, from six inches square and 
upwards. By W. Richardson. Oblong 4to, 3J. 6d. doth. 

" Invaluable labour-saving tables.**— Ironmonger. 

Carriage Building, &c. 

COACH BUILDING: A Practical Treatise, Historical and 
Descriptive, containing foil information of the various Trades and 
Processes involved, wii Hints on the proper keeping of Carriages, 
&c. 57 Illustrations. By James W. Burgess. i2mo, 3J. cloth. 
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Tredgolffs Carpentry y new and cheaper Edition. I 

THE ELEMENTARY PRINCIPLES OF CARPENTRY : " 
a Treatise on the Pressure and Equilibrium of Timber Framing, the 
Resistance of Timber, and the Construction of Floors, Arches, 
Bridges, Roofs, Uniting Iron and Stone with Timber, &c. To which 
is added an Essay on the Nature and Properties of Timber, &c., 
with Descriptions of the Kinds of Wood used in Building ; also | 
numerous Tables of the Scantlings of Timber for different purposes, < 
the Specific Gravities of Materisds, &c. By Thomas Tredgold, * 
C.E. Edited by Peter Barlow, F.R.S. Fifth Edition, cor- ^' 
rected and enlarged. With 64 Plates, Portrait of the Author, and 
Woodcuts. 4to, published at 2/. 2J., reduced to i/. 5^. cloth. 
" Ought to be in every architect's and every builder's library, and those who 
do not already possess it ought to avail themselves of the new issue. — Builder. 

"A work whose monumental excellence must commend it wherever skilful car- , 
pentry is concerned. The Author's principles are rather confirmed than impaired by 
time. The additional plates are of great intrinsic vahxe,**— Building News, 

Grandy's Timber Tables. 

THE TIMBER IMPORTER'S, TIMBER MERCHANTS, 
& BUILDER'S STANDARD GUIDE. By R. K Grandy. 
2nd Edition. Carefully revised and corrected. i2mo, y. 6d, cloth. 
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Hortofis Measurer. 

THE COMPLETE MEASURER; setting forth the Measure- 
ment of Boards, Glass, &c ; Unequal-sided, Square-sided, Oc- 
tagonal-sided, Round Timber and Stone, and Standing Timber. 
With just aJlowances for the bark in the respective species of 
trees, and proper deductions for the waste in hewing the trees, 
&c. ; also a Table showing the solidity of hewn or eight-sided 
timber, or of any octagonal-sided colunm. By Richard Horton. 
Fourth Edition, with considerable and valuable additions, i2mo, 
strongly bound in leather, 5^. 

] Horton s Underwood and Woodland Tables. 

' TABLES FOR PLANTING AND VALUING UNDER- 

WOOD AND WOODLAND ; also Lineal, Superficial, Cubical, 
and Decimal Tables, &c. By R. Horton. i2mo, 2s, leather. 

, Nicholson's Carpenters Guide. 

THE CARPENTER'S NEW GUIDE ; or, BOOK of LINES 
for CARPENTERS : comprising all the Elementary Principles 
essential for acquiring a knowledge of Carpentry. Founded on the 
« late Peter Nicholson's standard work. A new Edition, revised 

I by Arthur Ashpitel, F.S.A., together with Practical Rules on 

Drawing, by George Pyne. With 74 Plates, 4to, i/. \s, doth. 

* Dowsing' s Timber Merchant's Companion. 

THE TIMBER MERCHANT'S AND BUILDER'S COM- 
PANION ; containing New and Copious Tables of the Reduced 
Weight and Measurement of Deals and Battens, of all sizes, from 
One to a Thousand Pieces, also the relative Price that each size 
bears per Lineal Foot to any given Price per Petersburgh Standard 
Hundred, &c., &c. Also a variety of other valuable information. 
By William Dowsing, Timber Merchant Third Edition, Re- 
vised. Crown 8vo, 3J. cloth. 
"Everything is as concise and clear as it can possibly be made. There can be no 
djubt that every timber merchant and builder ought to possess it" — Hull Advetiistr. 

Practical Timber Merchant. 

THE PRACTICAL TIMBER MERCHANT, being a Guide 

for the use of Building Contractors, Surveyors, Builders, &c.| 

<j comprising useful Tables for all purposes connected with the 

-K Timber Trade, Essay on the Strength of Timber, Remarks on the 

5 Growth of Timber, &c. By W. Richardson. Fcap. 8vo, 31. (}d. cl. 

Woodworking Machinery. 

WOODWORKING MACHINERY ; its Rise, Progress, and 
'% Construction. With Hints on the Management of Saw Mills and 
the Economical Conversion of Timber. Illustrated with Examples 
ef Recent Designs by leading English, French, and American 
Engineers. By M. Powis Bale, M.I.M.E. Large crown 8vo, 
1 2 J. (id. cloth. 
" Mr. Bale is evidently an expert on the subject, and he has collected so much 
' information that his book is all-sufficient for builders and others engaged in the con* 
version of timber. "— yl rchittct. 
** The most comprehensive compendium of wood-working machinery we hava 
[ • setn. The author u a thorough master of his subject."— BnudtH^ Nitut. 
\ "It should be in the office w every wood*working fKioryr'^Mnglish MtcKank* 
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Turning. — ♦ — 

LATHE- WORK : a Practical Treatise on the Tools, Appliances, 

and Processes employed in the Art of Turning, By Paul N. Has- 

LUCK. With Illustrations drawn by the Author. Crown 8vo, 5^-. 

" Evidently written from personal experience, and gives a large amount of just 

that sort of information which beginners at the lathe require." — Builder. 

Mechanic's Workshop Companion. 

THE OPERATIVE MECHANIC'S WORKSHOP COM- 

PANION, and THE SCIENTIFIC GENTLEMAN'S PRAC- 

TICAL ASSISTANT. By W. Templeton. 13th Edit., with 

Mechanical Tables for Operative Smiths, Millwrights, Engineers, 

&c. ; and an Extensive Table of Powers and Roots, l2mo, 5^. bound. 

" Admirably adapted to the wants of a very large class. It has met with g^eat 

success in the engineering workshop, as we can testify ; and there are a great many 

men who, in a great measure, owe their rise in life to this little work. **—-Buiiditt£ Newt, 

Engineer's and Machinist's Assistant. 

THE ENGINEER'S, MILLWRIGHT'S, and MACHINIST'S 
PRACTICAL ASSISTANT ; comprismg a Collection of Useful 
Tables, Rules, and Data. By Wm. Templeton. i8mo, 2s. 6d. 

Smith's Tables for Mechanics^ &c. 

TABLES, MEMORANDA, and CALCULATED RESULTS, 
FOR MECHANICS, ENGINEERS, ARCHITECTS, 
BUILDERS, &c. Selected and Ananged by Francis Smith. 
Waistcoat-pocket size, u. 6d.f limp leather, \jfii5t published. 

Boiler Making. 

THE BOILER-MAKER'S READY RECKONER. With 
Examples of Practical Geometry and Templating, for the use of 
Platers, Smiths, and Riveters. By John Courtney, Edited by 
D. K. Clark, M. I. C.E. i2mo, 9^. half-bd. {Just published. 

Superficial Measurement. 

THE TRADESMAN'S GUIDE TO SUPERFICIAL MEA- 
SUREMENT. Tables calculated from i to 200 inches in length, 
by I to 108 inches in breadth. By J. Hawkings. Fcp. 3^. td, d. 

The High-Pressure Steam Engine. 

THE HIGH-PRESSURE STEAM ENGINE. By Dr. Ernst 
Alban. Translated from the German, with Notes, by Dr. Pole, 
F.R.S. Plates, 8vo, idr. td. cloth. 

Steam Boilers. 

A TREATISE ON STEAM BOILERS : their Strength, Con- 

struction, and Economical Working. By R. Wilson, C.E, 

Fifth Edition. i2mo, 6j. cloth. 
"The best work on boilers which has come under our notice." — Engineering, 
"1 he best treatise that has ever been published on steam boilers." — Engineer, 

Mechanics. 

THE HANDBOOK OF MECHANICS. By Dionysius 
Lardner, D.C.L. New Edition, Edited and considerably En- 
larged, by Benjamin Loewy, F.R, A.S., &c., post 8vo, 6j. cloth. 
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MATHEMATICS, TABLES, ETC. 

♦ 

Metrical Units and Systems, &c. 

MODERN METROLOGY : A Manual of the Metrical Units 
and Systems of the present Century. With an Appendix con- 
taining a proposed English System. By Lowis D'A. Jackson, 
A.-M. Inst. C.E., Author of " Aid to Survey Practice," &c. 
Large Crown 8vo, 12s. 6d. cloth. \jfust published, 

Gregory's Practical Mathematics. 

MATHEMATICS for PRACTICAL MEN ; being a Common- 
place Book of Pure and Mixed Mathematics. Designed chiefly 
for the Use of Civil Engineers, Architects, and Surveyors. Part I. 
Pure Mathematics — comprising Arithmetic, Algebra, Geometry, 
Mensuration, Trigonometry, Conic Sections, Properties of Curves. 
Part II. Mixed Mathematics — comprising Mechanics in general, 
Statics, Dynamics, Hydrostatics, Hydrodynamics, Pneumatics, 
Mechanical Agents, Strength of Materials, &c. By Olinthus Gre- 
gory, LL.D., F.R. A.S. Enlarged by H. Law, C.E. 4th Edition, 
revised by Prof. J. R. Young. With 13 Plates. 8vo, i/. is, cloth. 

Mathematics as applied to the Constructive Arts, 

A TREATISE ON MATHEMATICS AS APPLIED TO 
THE CONSTRUCTIVE ARTS. Illustrating the various pro- 
cesses of Mathematical Investigation by means of Arithmetical and 
simple Algebraical Equations and Practical Examples, Sec. By 
Francis Campin, C.E. i2mo, 3^. 6d, cloth. \}just published. 

Geometry for the Architect , Engineer^ &c. 

PRACTICAL GEOMETRY, for the Architect, Engineer, and 
Mechanic. By E. W. Tarn,M.A. With Appendices on Diagrams 
of Strains and Isometrical projection. Demy 8vo, 91. cloth. 

The Metric System. 

A SERIES OF METRIC TABLES, in which the British 
Standard Measures and Weights are compared with those of the 
Metric System at present in use on the Continent By C. H, 
DowLiNG, C.E. 2nd Edit, revised and enlarged. 8vo, lOr. td, cl. 

Inwood's Tables, greatly enlarged and improved. 

TABLES FOR THE PURCHASING of ESTATES, Freehold, 
Copyhold, or Leasehold; Annuities, Advowsons, &c, and for the 
Renewing of Leases ; also for Valuing Reversionary Estates, De- 
ferred Annuities, &c. By William Inwood. 21st edition, with 
Tables of Logarithms for the more Diincult Computations of the 
Interest of Money, &c. By M. F^dor Thoman. i2mo. &f. cloth. 
'* Those interested in the purchase and sale of estates, and in the adjustment of 

compensation cases, as well as in transactions in annuities, life insurances, &c., will 

find the present edition of eminent service."— Engineering: 

Weights, Measures, Moneys, &c, 

MEASURES, WEIGHTS, and MONEYS of all NATIONS, 
and an Analysis of the Christian, Hebrew, and Mahometan 
Calendars. Entirely New Edition, Revised and Enlarged. By 
W. S. B. Woolhouse, F,R.A.S. i2mo, 2/, dd, cloth boards. 

C 2 
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Compound Interest and Annuities. 

THEORY of COMPOUND INTEREST and ANNUITIES ; 
with Tables of Logarithms for the more Difficult Computations of 
Interest, Discount, Annuities, &c., in all their AppUcations and 
Uses for Mercantile and State Purposes. By FfcDOR Thoman, 
of the Soci^t^ Credit Mobilier, Paris. 3rd Edit, i2mo, \s, 6d, cL 

Iron and Metal Trades^ Calculator. 

THE IRON AND METAL TRADES' COMPANION: 
Being a Calculator containing a Series of Tables upon a new and 
comprehensive plan for expeditiously ascertaining the value of any 
goods bought or sold by weight, from I*, per cwt. to 1I2J. per 
cwt., and from one farthing per lb. to is. per lb. Each Table ex- 
tends from one lb. to 100 tons. BvT. Down IE. 396 pp., 9^., leather. 
" Will supply a want, for nothing ^ke it before existed." — Building News, 

Iron and Steel. 

IRON AND STEEL: a Work for the Forge, Foundry, 
Factory, and Office. Containing Information for Ironmasters and 
their Stocktakers ; Managers of Bar, Rail, Plate, and Sheet RoUuig 
Mills ; Iron and Metal Founders ; Iron Ship and Bridge Builders ; 
Mechanical, Mining, and Consulting Engineers ; Architects, Builders, 
&c. By Charles Hoare, Author of 'The Slide Rule,' &c Eighth 
Edition. Oblong 32mo, 6j., leather. 
" For comprehensiveness the book has not its equal." — Iron, 

Comprehensive Weight Calculator. 

THE WEIGHT CALCULATOR, being a Series of Tables 
upon a New and Comprehensive Plan, exhibiting at one Reference 
the exact Value of any Weight from lib. to 15 tons, at 300 Pro- 
gressive Rates, from I Penny to 168 Shillings per cwt., and con- 
taining 186,000 Direct Answers, which, with their Combinations, 
consisting of a single addition (mostly to be performed at sight), 
will afford an aggregate of 10,266,000 Answers ; the whole being 
calculated and designed to ensure Correctness and promote 
Despatch. By Henrv Harben, Accountant, Sheffield. New 
Edition. Royal 8vo, i/. 5^. , strongly half-boimd. 

Comprehensive Discount Guide. 

THE DISCOUNT GUIDE : comprising several Series of Tables 
for the use of Merchants, Manufacturers, Ironmongers, and others, 
by which may be ascertained the exact profit arising from any mode 
of using Discounts, either in the Purchase or Sale of Goods, and 
the method of either Altering a Rate of Discount, or Advancing a 
Price, so as to produce, by one operation, a sum that will realise 
any required profit after allowing one or more Discounts : to which 
are added Tables of Profit or Advance from ij to 90 per cent., 
Tables of Discount from i J to 98f per cent., and Tables of Commis- 
sion, &c., from \ to 10 per cent. By Henry Harben, Accountant. 
New Edition. Demy 8yo, i/. 5^., half-bound. 

Mathematical Instruments. 

MATHEMATICAL INSTRUMENTS: Their Construction, 
Adjustment, Testing, and Use ; comprising Drawing, Measuring, 
Optical, Surveying, and Astronomical Instruments. By J, f, 
Heather, M,A. Enlarged Edition. i2mo, 5J. doth. 
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Gold and Gold- Working. 

THE GOLDSMITH»S HANDBOOK : containing full instruc- 
tions for the Alloying and Working of Gold. Including the Art of 
Alloying, Melting, Reducing, Colouring, Collecting and Refining. 
Chemical and Physical Properties of Gold, with a new System of 
Mixing its Alloys ; Solders, Enamels, &c. By George E. Gee. 
Second Edition, enlarged. i2mo, 3^. dd, cloth. 
The best work yet printed on its subject for a reasonable price." — Jeweller. 
Essentially a practical manual, well adapted to the wants of amateurs and 

apprentices, contaming trustworthy information that only a practical man can 

supply."— £ff^/ixA Mechanic, 

Silver and Silver Working. 

THE SILVERSMITH'S HANDBOOK, containing full In- 
structions for the Alloying and Working of Silver. Including the 
different Modes of Refining and Melting the Metal, its Solders, the 
Preparation of Imitation ^oys, &c. By G. E. Gee. i2mo, 3^. 6^. 
" The chief merit of the work is its practical character. The workers in the trade 
will speedily discover its merits when they sit down to study it,'*— English Mechanic 

Hall-Marking of Jewellery. 

THE HALL-MARKING OF JEWELLERY PRACTICALLY 
CONSIDERED, comprising an account of all the different Assay 
Towns of the United Kingdom ; with the Stamps at present 
employed ; also the Laws relating to the Standards and Hall • 
Marks at the various Assay Offices ; and a variety of Practical 
Suggestions concerning the Mixing of Standard Alloys, &c. By 
George E. Gee. Crown 8vo, 5J. cloth. \Jtist pubUshciL 

Electro-Platings &c. 

ELECTROPLATING: A Practical Handbook. By J. W. 
Urquhart, C.E. Crown 8vo, <s, cloth. 
" Any ordinarily intelligent person may become an adept in electro-deposition 
with a very little science indeed, and this is the book to show the '9iz.y**— 'Builder. 

Electrotypingy &c. 

ELECTROTYPING : A Practical Manual on the Reproduction 
and Multiplication of Printing Surfaces and Works of Art by the 
Electro-deposition of Metals. By J. W. Urquhart, C.E. 
Crown 8vo, 5^. cloth. 
"A guide to beginners and those who practise the old and imperfect methods."— /r^. 

ElectrO'Plathig. 

ELECTRO-METALLURGY PRACTICALLY TREATED. 
By Alexander Watt, F.R.S.S.A.- Including the Electro- 
Deposition of Copper, Silver, Gold, Brass and Bronze, Platinum, 
Lead, Nickel, Tin, Zinc, Alloys of Metals, Practical Notes, &c., 
&c Eighth Edition, Revised and Enlarged, including the most 
recent Processes. i2mo, 31. 6</. cloth. ^^tist published. 

" From this book both amateur and artisan may learn everything necessary for 
the successful prosecution of electroplating." — Iron. 

** A practical treatise for the use of those who desire to work in th^ art of electro- 
deposition »s a business/'— ^/f^/u^ Mechanic. 
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Dentistry. 

MECHANICAL DENTISTRY. A Practical Treatise on the 
Construction of the various kinds of Artificial Dentures. Com- 
prising also Useful Formulae, Tables, and Receipts for Gold 
I'late, Clasps, Solders, etc., etc. By Charles Hunter. Second 
Edition, Revised ; including a new chapter on the use of Celluloid. 
With over lOO Engravings. Cr. 8vo, *js. 6d. cl. [Just published, 

" An authoritative treatise, which we can strongly recommend to all students." — 
Dublin Journal of Medical Science. 

** The best book on the subject with which we are acquainted." — Medical Prest. 

Electricity. 

A MANUAL of ELECTRICITY ; including Galvanism, Mag- 
netism, Diamagnetism, Electro-Dynamics, Magneto-Electricity, and 
the Electric Telegraph. By Henry M. Noad, Ph.D., F.C.S. 
Fourth Edition, with 500 Woodcuts. 8vo, i/. 4X. doth. 
" The accounts ^iven of electricity and galvanism are not only complete in a scientific 
sense, but, which is a rarer thing, are popular and interesting."— -ZoffTf/. 

Text-Book of Electricity. 

THE STUDENT'S TEXT-BOOK OF ELECTRICITY. By 
Henry M. Noad, Ph.D., F.R.S., &c. New Edition, Revised. 
With an Introduction and Additional Chapters by W. H. Preece, 
M.I.C.E., Vice-President of the Society of Telegraph Engineers, 
&C. With 470 Illustrations. Crown 8vo, 12s. 6d. cloth. 
"A reflex of the existing state of Electrical Science adapted for students."— 
W. H. Preece, Esq., vide *' Introduction." 

" We can recommend Dr. Noad's book for clear style, great range of subject, a 
good index, and a plethora of woodcuts. Such collections as the preseat are indis- 
p<in(able." — A thenaunt. 

*' An admirable text-book for every student — ^beginner or advanced — of electricity." 
—Engineering'. 

" Recommended to students as one of the best text- books on the subject that they 
can have. Mr. Preece appears to have introduced all the newest inventions in the shape 
of telegraphic, telephonic, and electric-lighting apparatus." — English Mechanic. 

" Under the editorial hand of Mr. Preece the late Dr. Noad's text- book of elec* 
tricity has grown into an admirable ha^diXiOO^L"— Westminster Review. 

Electric Lighting. 

ELECTRIC LIGHT : Its Production and Use, embodying plain 
Directions for the Working of Galvanic Batteries, Electric Lamps, 
and Dynamo-Electric Machines. By J. W. Urquhart, C.E., 
Author of "Electroplating." Edited by F. C. Webb, M.LC.E., 
M.S.T.E. With 94 Illustrations. Crovm 8vo, 7j. 6^. cloth. 

*' The book is by far the best that we have yet met with on the subject." — Aihenaum. 

*' An important addition to the literature of the electric light. Students of the 
subject diould not fail to read W*^CoUiery Guardian, 

Lightnings &c. 

THE ACTION of LIGHTNING, and the MEANS of BE- 
FENDING LIFE AND PROPERTY FROM ITS EFFECTS. 
By Arthur Parn^ll, Major in the Corps of Royal Engineers. 
i2mo, 7^-. 6d. cloth. [Just published, 

" Major Parnell has written an original work on a scientific subject of unusual inte- 
rest ; and he has prefaced his arguments by a patient and almost exhaastive citation 
ofTthe best writers on the subject in the English language."— ylM«M<r»»/. 
" The work comprises all that is actually known on the subject."— Z,a«r/. 
'* Major Parnell's measures are based on the results of experience. A valuable 
repertoire of facts and principles arranged in a scientific form. —BtdldiHg: A>wj, 
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The Alkali Trade — Sulphuric Acid^ &c. 

A MANUAL OF THE ALKALI TRADE, including the 
Manufacture of Sulphuric Acid, Sulphate of Soda, and Bleaching 
Powder. By John Lomas, Alkali Manufacturer, Newcastle-upon- 
Tyne and London. With 232 Illustrations and Working Draw- 
ings, and containing 386 pages of text. Super-royal 8vo, 
2/. i2s, 6d. cloth. 

This work provides (i) a Complete Handbook for intending Alkali attd Sulphuric 
Acid Manufacturers i and for those already in the field who desire to improve their 
plant, or to becofne Practically acquainted with tlie latest Processes and developments 
of the trade ; (2) a Handy Volume which Manufacturers can put into the hands qf 
their Managers and Foremen as a useful guide in their daily rounds of duty. 

Synopsis of Contents. 



Chap. I. Choice of Site and General 
Plan of Works— II. Sulphuric Acid — 
III. Recoveiy of the Kitrogen Com- 
pounds, and Treatment of Small Pyrites 
—IV. The Salt Cake Process-V. Legis- 
lation upon thejNoxious Vapours Ques- 
tion — ^VI. Thje Hargreaves' and Joqos' 
Processes — VII. The Balling Process — 
VIII. Lixiviation and Salting Dovm — 



IX. Carbonating or Finishing — X. Soda 
Crystals — XI. Refined Alkali — XII. 
Caustic Soda — XIII. Bi-carbonate of 
Soda — XIV. Bleaching Powder— XV. 
Utilisation of Tank Waste- XVI. General 
Remarks — Four Appendices, treating of 
Yields, Sulphuric Acid Calculations, Ane- 
mometers, and Foreign Le^slation upon 
the Noxious Vapours Question. 



"The author has given the fullest, most' practical, and, to all concerned in the 
alkali trade, most valuable mass of information that, to our knowledge, has been 
published in any language." — Engineer. 

•* This book is written by a manufacttirer for manufacturers. The working details 
of the most approved forms of apparatus are given, and these are accompanied by 
no less than 23a wood engravings, all of which may be used for the purposes of con- 
struction. Every step in the manufacture is very fully described in this manual, and 
each improvement explained. Everythine which tends to introduce economy into 
the technical details of this trade receives the fullest attention. The book has been 
produced with great completeness." — Athenaum. 

"The author is not one of those clever compilers who, on short notice, will 'read 
up ' any conceivable subject, but a practical man in the best sense of the word. We 
find here not merely a sound and luminous explanation of the chemical principles^ of 
the trade, but a notice of numerous matters which have a most important bearing 
on the successful conduct of alkali works, but which are generally overlooked by 
even the most experienced technological authors. This most valuable book, which 
we trust will be generally appreciated, we must pronounce a credit alike to its author 
and to the enterprising firm who have undertaken its publication."-- C^iy^iVa/ 
Review, 

Chemical Analysis. 

THE COMMERCIAL HANDBOOK of CHEMICAL ANA- 
LYSIS ; or Practical Instructions for the determination of the In- 
trinsic or Commercial Value of Substances used in Manufactures, 
in Trades, and in the Arts. By A. Normandy, Author of ** Prac- 
tical Introduction to Rose's Chemistry," and Editor of Rose's 
"Treatise on Chemical Analysis." New Edition. Enlarged, and 
to a great extent re-written, by Henry M. Noad, Ph. D., F.R.S. 
With numerous Illustrations. Cr. Svo, I2J. 6^. cloth. 

" We recommend this book to the careful perusal of every one ; it may be truly 
affirmed to be of universal interest, and we strongly recommend it to our readers as a 
guide^ alike indispensable to the housewife as to the pharmaceutical practitioner."^ 
MeduMl Times. 

" Essential to the analysts appointed under the new Act. The most recent results 
are given, and the work is well edited awd cai^ully wriltQ^."— iVa^rr, 



24 WORKS IN SCIENCE AND ART, ETC., 

Dr. Lardner^s Museum of Science and Art. 

THE MUSEUM OF SCIENCE AND ART. Edited by 
DiONYSius Lardner, D.C.L., formerly Professor of Natural Phi- 
losophy and Astronomy in University College, London. With up- 
wards of 1 200 Engravings on Wood. In 6 Double Volumes. 
Price £\ u., in a new and elegant cloth binding, or handsomely 
bound in half morocco, su. dd, 

OPINIONS OF THE PRESS. 

" This series, besides affordin^^ popular but sound instruction on scientific subjects, 
with which the humblest man in the country ought to be acquainted, also undertakes 
that teaching of 'comtnon things' which every well-wisher of his kind is anxious to 
promote. Many thousand copies of this serviceable publication have been printed, 
in the belief and hope that the desire for instruction "and improvement widely pre- 
vails ; and we have no fear that such enlightened faiUi will meet with disappoint- 
ment" — Times. 

*' A cheap and interesting publication, alike informing and attractive. The papers 
combine subjects of importance and great scientific knowledge, considerable mauc- 
tive powers, and a popular style of treatment." — Spectator. 

** The ' Museum of Science and Art' is the most valuable contribution that has 
ver been made to the Scientific Instruction of every class of society." — Sir David 
Brewster in the North British Review. 

'* Whether we consider the liberality and beauty of the illustrations, the charm of 
the writing, or the durable interest of the matter, we must express our belief that 
there is hardly to be found among the new books, one that would be welcomed by 
people of so many ages and classes as a valuable present."— iSjram^ff/r. 

\* Separate books formed from the above, statable for Workmen^ s 

Libraries^ Science Classes, dr*r. 

COMMON THINGS EXPLAINED. Containing Air, Earth, Fire, 
Water, Time, Man, the Eye, Locomotion, Colour, Clocks and 
Watches, &c. 233 Illustrations, cloth gilt, 5J. 

THE MICROSCOPE. Containmg Optical Images, Magnifying 
Glasses, Origin and Description of the Microscope, Microscopic 
Objects, the Solar Microscope, Microscopic Drawing and Engrav- 
ing, &c. 147 Illustrations, cloth gilt, 2j. 

POPULAR GEOLOGY. Containing Earthquakes and Volcanoes, 
the Crust of the Earth, etc 201 Illustrations, cloth gilt, zs, 6d, 

POPULAR PHYSICS. Containing Magnitude and Minuteness, the 
Atmosphere, Meteoric Stones, Popular Fallacies, Weather Prog- 
nostics, the Thermometer, the Barometer, Sound, &c. 85 Illus- 
trations, cloth gilt, 2J. 6d, 

STEAM AND ITS USES. Including the Steam Engine, the Lo- 
comotive, and Steam Navigation. 89 Illustrations, cloth gilt, 2s, 

POPULAR ASTRONOMY. Containing How to Observe the 
Heavens. The Earth, Sun, Moon, Planets. Light, Comets, 
Eclipses, Astronomical Influences, &c 182 Illustrations, 4^. 6d, 

THE BEE AND WHITE ANTS : Their Manners and Habits. 
With Illustrations of Animal Instinct and Intelligence. 135 Illus- 
trations, cloth gilt, 2s, 

THE ELECTRIC TELEGRAPH POPULARISED. To render 
intelligible to all who can Read, irrespective of any previous Scien- 
tific Acquirements, the various forms of Telegraphy in Actual 
Operation. 100 Illustrations, cloth gilt, is, 6d, 
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Dr. Lardner^s Handbooks of Natural Philosophy. 

•«• The foUatmng five volumes^ though each is Complete in itself ^ and to be^ir- 
chased separately f form A Complete Course of Natural Philosophy, and are 
intended for the general reader who desires to attain accurate knowledge of the 
various departments of Physical Science^ without pursuing them according to the 
more profound methods of mathematical investigation. The style is studiously 
popular. It has been the author's aim to supply Manuals such as are required by 
the Student f the Engineer ^ the Artisan, and the superior classes in Schools. 

THE HANDBOOK OF MECHANICS. Enlarged and almost 
rewritten by Benjamin Loewy, F.R,A.S. With 378 Illustra- 
tions. Post 8vo, 6s. cloth. 

" The perspicuity of the original has been retained, and chapters which had 
become obsolete, have been replaced by others of more modem character. The 
explanations throughout are studiously popular, and care has been taken to show 
the application of the various branches of physics to the industrial arts, and to 
the practical business of life." — Mining Journal. 

THE HANDBOOK of HYDROSTATICS and PNEUMATICS. 
New Edition, Revised and Enlarged by Benjamin Loewy, 
F.R. A.S. With 236 Illustrations. Post 8vo, 5j. cloth. 
'* For those ' who desire to attain an accurate knowledge of physical science with^ 
out the profound methods of mathematical investigation,' this work Ls not merely in- 
tended, but well adapted." — Chemical Netos. 

THE HANDBOOK OF HEAT. Edited and almost entirely 
Rewritten by Benjamin Loewy, F.R.A.S., etc. 117 Illustra- 
tions. Post 8vo, 6j. cloth. 

*' The style is always clear and precise, and conveys instruction without leaving 
any cloudiness or lurking doubts h^\axid."—Engi9teering. 

THE HANDBOOK OF OPTICS. New Edition. Edited by 
T. Olver Harding, B.A. 298 Illustrations. Post 8vo, $s. cloth. 

" Written by one of the ablest English scientific writers, beautifully and elaborately 
VL\\\s,XxaXtd.**— Mechanics' Magazine. 

THE HANDBOOK OF ELECTRICITY, MAGNETISM, and 

ACOUSTICS. New Edition. Edited by Geo. Carey Foster, 

B.A., F.C.S. With 400 Illustrations. Post 8vo, 5^. cloth. 

" The book could not have been entrusted to any one better calculated to preserve 

the terse and lucid style of Lardner. while correcting his errors and brin^g up his 

work to the present state of scientific knowledge." — Popular Science Review. 

Dr. Lardner s Handbook of Astronomy. 

THE HANDBOOK OF ASTRONOMY. Forming a Com- 
panion to the ** Handbooks of Natural Philosophy." By Diony- 
sius Lardner, D.C.L. Fourth Edition. Revised and Edited by 
Edwin Dunkin, F.R.S., Royal Observatory, Greenwich. With 
38 Plates and upwards of 100 Woodcuts. In i vol., small 8vo, 
550 pages, 9J. 6^., cloth. 
"Probably no other book contains the same amount of information in so com- 
pendious and well-arranged a form — certainly none at the price at which this is 
offered to the public." — Athenaium. 

** We can do no other than pronounce this work a most valuable manunl of astro- 
nomy, and we strongly recommend ic to all who wish to acquire a general — but at 
the same time correct — acquaintance with this sublime science." — Quarterly Journal 
of Science. 

Dr. Lardner s Handbook of Animal Physics. 

THE HANDBOOK OF ANIMAL PHYSICS. By Dr. 
Lardner. With 520 Illustrations. New edition, small 8vo, 
cloth, 732 pages, 7j. dd. 
*' We have no hesitation in cordially recommeoding \K.**—E4ucqt^unial Timet, 
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Dr. Lardner's School Handbooks. 

NATURAL PHILOSOPHY FOR SCHOOLS. By Dr. Lardner. 

328 Illustrations. Sixth Edition. I vol. 3J. dd. cloth. 
'* Conveys, in clear and precise terms, general notions of all the principal divisions 
of Physical Science." — British Quarterly Review. 

ANIMAL PHYSIOLOGY FOR SCHOOLS. By Dr. Lardner. 

With 190 Illustrations, Second Edition, i vol. 3j. dd. cloth. 
"Clearly written, well arranged, and excellently illustrated.*'— <?an/«ii«**'CAr«w*c/(r. 

Dr, Lardner s Electric Telegraph. 

THE ELECTRIC TELEGRAPH. By Dr. Lardner. New 
Edition. Revised and Re-written, by E. B. Bright, F.R. A. S. 
140 Illustrations. Small 8vo, 2j. 6^. cloth. 
" One of the most readable books extant on the Electric Teles^ph."— ^«^. Mechanic, 

Mollusca. 

A MANUAL OF THE MOLLUSCA ; being a Treatise on 
Recent and Fossil Shells. By Dr. S. P. Woodward, A.L.S. 
With Appendix by Ralph Tate, A.L.S., F.G.S. With numer- 
ous Plates and 300 Woodcuts. 3rd Edition. Cr. 8vo, yj. 6rf. cloth. 

Geology und Genesis. 

THE TWIN RECORDS OF CREATION ; or, Geology and 
Genesis, their Perfect Harmony and Wonderful Concord. By 
George W. Victor le Vaux. Fcap. 8vo, 5^ . cloth. 

" A valuable contribution to the evidences of revelation, and disposes very conclu- 
sively of the arguments of those who would set God'a Works against God's Word. 
No real difficulty is shirked, and no sophistry is left unexposed." — The Rock, 

Science and Scripture. 

SCIENCE ELUCIDATIVE OF SCRIPTURE, AND NOT 
ANTAGONISTIC TO IT ; being a Series of Essays on— i. 
Alleged Discrepancies ; 2. The Theory of the Geologists and 
Figure of the Earth ; 3. The Mosaic Cosmogony ; 4. Miracles in 
general — Views of Hume and Powell ; 5. The Miracle of Joshua — 
Views of Dr. Colenso, &c. By Prof. J. R. Young. Fcap. 5j. clotli. 

Geology. 

A CLASS-BOOK OF GEOLOGY: Consisting of "Physical 
Geology," which sets forth the Leading Principles of the Science ; 
and "Historical Geology," which treats of the Mineral and Organic 
Conditions of the Earth at each successive epoch, especial reference 
being made to the British Series of Rocks. By Ralph Tate, 
With more than 250 Illustrations. Fcap. 8vo, 5^. cloth. 

Practical Philosophy. 

A SYNOPSIS OF PRACTICAL PHILOSOPHY. By Rev. 
John Carr, M.A., late Fellow of Trin. Coll., Camb. i8mo, 5j. cl. 

Pictures and Painters. 

THE PICTURE AMATEUR'S HANDBOOK AND DIC- 
TIONARY OF PAINTERS : A Guide for Visitors to Picture 
Galleries, and for Art-Students, including methods of Painting, 
Cleaning, Re- Lining, and Restoring, Principal Schools of Painting, 
Copyists a^ndlmite^tors. ByPHJUPPEDARYL,B.A. Cr.8vo,3j.6</,cl, 
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Clocks y Watches^ and Bells. 

RUDIMENTARY TREATISE on CLOCKS, and WATCHES, 
and BELLS. By Sir Edmund Beckett, Bart, (late £. B. 
Denison), LL.D., Q.C., F.R. A.S. Sixth Edition, revised and en- 
larged. Limpcloth (No. 67, Weale's Series), \s. 61/,; cloth bds. 5^. 6d. 

"The Dcst work on the subject probably extant. The treatise on bells is un- 
doubtedly the best in the language. " — Engineering. 

"The only modem treatise on clock-making." — Horological youtnal. 

The Construction of the Organ. 

PRACTICAL ORGAN-BUILDING. By W. E. Dickson, 

M. A., Precentor of Ely Cathedral. Second Edition, revised, with 

Additions. i2mo, 3J. cloth boards. \jnst piblished, 

" In many respects the book is the best that has yet appeared on the subject. We 

cordially recommend \i." —English Mechanic. 

"The amateur builder will find in this book all that is necessary to enable him 
personally to construct a perfect organ with his own hands." — Academy. 

Brewing. 

A HANDBOOK FOR YOUNG BREWERS. By Herbert 
Edwards Wright, B.A. Crown 8vo, 3^. 6d, cloth. 

" A thoroughly scientific treatise in popular language." — Morning Advertiser. 
** We would particularly recommend teachers of the art to place it in every pupil's 
hands, and we feel sure its perusal will be attended with advantage." — Brewer, 

Dye- Wares and Colours. 

THE MANUAL of COLOURS and DYE- WARES : their 
Properties, Applications, Valuation, Impurities, and Sophistications. 
For the Use of Dyers, Printers, Drysdters, Brokers, &c By J. 
W. Slater. Second Edition. Re-written and Enlarged. Crown 
8vo, *js. 6d. cloth. [Just ptiblished. 

Grammar of Colouring. 

A GRAMMAR OF COLOURING, applied to Decorative 
Painting and the Arts. By George Field. New edition. By 
Ellis A. Davidson. i2mo, 3^. 6^. cloth. 

Woods and Marbles {Imitation of). 

SCHOOL OF PAINTING FOR THE IMITATION OF 
WOODS AND MARBLES, as Taught and Practised by A. R. 
and P. Van der Burg. With 24 full-size Coloured Plates ; also 
12 Plain Plates, comprising 154 Figures. Folio, 2/. I2j. 6d, bound. 

T/ie Military Sciences. 

AIDE-MEMOIRE to the MILITARY SCIENCES. Framed 
from Contributions of Officers and others connected with the dif- 
ferent Services. Originally edited by a Committee of the Corps of 
Royal Engineers. 2nd Edition, revised ; nearly 350 Engravings 
and many hundred Woodcuts. 3 vols, royal 8vo, doth, 4/. lar. 

Field Fortification. 

A TREATISE on FIELD FORTIFICATION, the ATTACK 
of FORTRESSES, MILITARY MINING, and RECON- 
NOITRING. By Colonel I. S. Macaulay, late Professor of 
Fortification in the R. M. A., Woolwich. Sixth Edition, crown 
8vo, cloth, with separate Atlas of I2 Plates, \2s. complete. 
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Delamott^s Works an Illumination & Alphabets. 

A PRIMER OF THE ART OF ILLUMINATION ; for the 
use of Beginners : with a Rudimentary Treatise on the Art, Prac- 
tical Directions for its Exercise, and numerous Examples taken 
from Illuminated MSS., printed in Gold and Colours. By F. Dela- 
MOTTB. Small 4to, 91. Elegantly bound, cloth antique. 

" The examples of ancient MSS. recommended to the student, which, with much 
f^ood sense, the author chooses from collections accessible to all, are selected with 
judgment and knowledge, as well as taste.**— ^/A^yuniM. 

ORNAMENTAL ALPHABETS, ANCIENT and MEDIiEVAL ; 

from the Eighth Century, with Numerals ; including Gothic, 

Church-Text, German, Italian, Arabesque, Initials, Monograms, 

Crosses, &c. Collected and engraved by F. Delamottb, and 

printed in Colours. New and Cheaper Eklition. Royal 8to, 

oblong, 2J. dd, ornamental boards. 

" For those who insert enamelled sentences round gilded chalices, who blazon shop 
legends over shop-doors, who letter church walls with pithy sentences from the 
Decalogue, this book will be useful" — Atherueum, 

EXAMPLES OF MODERN ALPHABETS, PLAIN and ORNA- 
MENTAL; including German, Old English, Saxon, Italic, Per- 
spective, Greek, Hebrew, Court Hand, Engrossing, Tuscan, 
Riband, Gothic, Rustic, and Arabesque, &c, &c. Collected and 
engraved by F. Delamotte, and printed in Colours. New and 
Cheaper Edition. Royal 8vo, oblong, 2s, dd, ornamental boards. 

" There is comprised in it every possible shape into which the letters of the alphabet 
and numerals can be ioirvMi^'-^tandartL 

MEDIiEVAL ALPHABETS AND INITIALS FOR ILLUMI- 
NATORS. By F. Delamotte. Containing 21 Plates, and 
Illuminated Title, printed in Gold and Colours. With an Intro- 
duction by J. Willis Brooks. Small 4to, 6j. doth gilt. 

THE EMBROIDERERS BOOK OF DESIGN; containing Initials, 
Emblems, Cyphers, Monograms, Ornamental Borders, Ecclesias- 
tical Devices, Mediaeval and Modem Alphabets, and National 
Emblems. Collected and engraved by F. Delamotte, and 
printed in Colours. Oblong royal 8vo, \s, 6d, ornamental wrapper. 

Wood' Carving. 

INSTRUCTIONS in WOOD-CARVING, for Amateurs; with 
Hints on Design. By A Lady. In emblematic wrapper, hand* 
somely printed, with Ten large Plates, 2J. 6d, 

*' The handicraft of the wood-carver, so well as a book can impart it, may be learnt 
from ' A Lady's ' publication."-- w4/Ariur»iM; 

Popular Work on Painting. 

PAINTING POPULARLY EXPLAINED; with Historical 
Sketches of the Progress of the Art. By Thomas John Gullick, 
Painter, and John Timbs, F.S.A. Fourth Edition, revised and 
enlarged. With Frontispiece and Vignette. InsmallSvo, 5^. 6^. cloth. 
%* This Work has been adopted as a Prize-book in the Schools of 
Art at South Kensington. 
** Contains a large amount of original matter, agreeably conveyed." — Builder, 
*• Much may be learned, even by those who fancy they do not require to be tau^t, 
from the careful perusal of thb unpretending but compr^ensive treatise. "•^'Awt JoumaL 
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AGRICULTURE, GARDENING, ETC. 
Youatt and Burtis Complete Grazier. 

THE COMPLETE GRAZIER, andFARMER»S and CATTLE- 
BREEDER'S ASSISTANT. A Compendium of Husbandry. 
By William Youatt, Esq., V.S. 12th Edition, very con- 
siderably enlarged, and brought up to the present requirements of 
agricultural practice. By Robert Scott Burn. One large 8vo, 
volume, 860 pp. with 244 Illustrations, i/. is, half-bound. 

" The standard and text-book, with the fanner and grazier.^-^^arw^i MagwdfU. 

"A treatise which will remain a standard work on the subject as long as British 
agriculture endures." — Mark Lane Express. 

History y Structure, and Diseases of Sheep. 

SHEEP ; THE HISTORY, STRUCTURE, ECONOMY, 
AND DISEASES OF. By W. C. Spooner, M.R.V.C, &c. 
Fourth Edition, with fine engravings, including specimens of New 
and Improved Breeds. 366 pp., 4J. cloth. 

Production of Meat. 

MEAT PRODUCTION. A Manual for Producers, Distributors, 
and Consumers of Butchers' Meat. Being a treatise on means of 
increasing its Home Production. Also treating of the Breeding, 
Rearing, Fattening, and Slaughtering of Meat-yielding Live Stock ; 
Indications of the Quality, etc. ByJoHNEwART. Cr. 8vo, 5j. cloth. 
" A compact and handy volume on the meat question, which deserves serious and 
thoughtful consideration at the present time." — Meat and ProvistoH Traded Review. 

Donaldson and Burns Suburban Farming. 

SUBURBAN FARMING. A Treatise on the Laying Out and 
Cultivation of Farms adapted to the produce of Milk, Butter and 
Cheese, Eggs, Poultry, and Pigs. By the late Professor John 
Donaldson. With Additions, Illustrating the more Modem Prac- 
tice, byR. Scott Burn. i2mo, 4J. cloth boards. 

English Agriculture. 

THE FIELDS OF GREAT BRITAIN. A Text-book of 
Agriculture, adapted to the Syllabus of the Science and Art 
Department. For Elementary and Advanced Students. By 
Hugh Clements (Board of Trade). With an Introduction by 
H. Kains-Jackson. i8mo, 2J. 6t/. cloth. 

** A clearly written description of the ordinary routine of English farm-life." — Land, 
** A carefully written text-book'H)f Agriculture." — Athenaum. {Economist. 

"A most comprehensive volume, giving amass of information." — Agricultural 

Modern Farming. 

OUTLINES OF MODERN FARMING. By R. Scott Burn. 
Soils, Manures, and Crops — Farming and Farming, Economy — 
Cattle, Sheep, and Horses — Management of the Dairy, Pigs, and 
Poultry — Utilisation of Town Sewage, Irrigation, &c. New Edition. 
In I vol. 1250 pp., half-bound, profusely illustrated, \2s. 
" There is sufficient stated within the limits of this treatise to prevent a fiurmor 
from going far wrong in any of his operations. "«^C7^«<rv#r. 
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The Management of Estates. G 

LANDED ESTATES MANAGEMENT: Treating of the 
Varieties of Lands, Methods of Fanning, Farm Building, Irrigation, 
Drainage, &c. By R. ScoTT Burn. i2mo, 3J. cloth. 
" A complete and comprehensive outline of the duties appertaining to the manage- 
ment of landed estates." — yournal of Forestry. 

The Management of Farms. \ ^ 

OUTLINES OF FARM MANAGEMENT, and the Organiza- | < 
tion of Farm Labour. Treating of the General Work of the Farm, 
Field, and Live Stock, Details of Contract Work, Specialties of 
Labour, Economical Management of the Farmhouse and Cottage, 
Domestic Animals, &c. By Robert Scott Burn. i2mo, y. 

Management of Estates and Farms. 

LANDED ESTATES AND FARM MANAGEMENT. By 
R. Scott Burn. (The above Two Works in One Vol.) 6^. 

Hudson's Tables for Land Valuers, 

THE LAND VALUER'S BEST ASSISTANT : being Tables, 
on a very much improved Plan, for Calculating the Value of 
Estates. With Tables for reducing Scotch, Irish, and Provincial 
Customary Acres to Statute Measure, &c. By R. Hudson, C. E. 
New Edition, royal 32mo, leather, gilt edges, elastic band, 4;. 

Ewarfs Land Improver's Pocket-Book. 

THE LAND IMPROVER'S POCKET-BOOK OF FOR- 
MULA, TABLES, and MEMORANDA, required in any Com- 
putation relating to the Permanent Improvement of Landed Pro- 
perty. By John Ewart, Land Surveyor. 32mo, leather, 4J. 

Complete AgHcultural Surveyor's Pocket-Book. 

THE LAND VALUER'S AND LAND IMPROVER'S COM- 
PLETE POCKET-BOOK ; consisting of the above two works 
bound together, leather, gilt edges, with strap, 7j. 6d. 
** We consider Hudson's book to be the best ready-reckoner on matters relating to 
the valuation of land and crops we have ever seen, and its combination with Mr. 
E wart's work ereatly enhances the value and usefulness of the latter-mentioned.— 
It is most useful as a manual for reference." — North of England Farmer, 

Grafting and Budding, 

THE ART OF GRAFTING AND BUDDING. By Charles 
Baltet. Translated from the French. With upwards of 180 
Illustrations. l2mo, 3J. cloth boards. \yust published. 

Culture of Fruit Trees. 

FRUIT TREES, the Scientific and Profitable Culture of. In- 
cluding Choice of Trees, Planting, Grafting, Training, Restoration 
of Unfruitful Trees, &c. From the French of Du Breuil. Third 
Edition, revised. With an Introduction by George Glenny. 45. cl. 
" The book teaches how to prune and train fruit-trees to perfection."— /^«>/(f/. 

Potato Culture, 

POTATOES, HOW TO GROW AND SHOW THEM; A 
Practical Guide to the Cultivation and General Treatment of the 
Potato. By James Pink. With Illustrations. Cr. 8vo, zs. cl 
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Good Gardening, 

A PLAIN GUIDE TO GOOD GARDENING ; or, How to 
Grow Vegetables, Fruits, and Flowers. With Practical JSioies on 
Soils, Manures, Seeds, Planting, Laying-out of Gardens and 
Grounds, &c. By S. Wood. Third Edition. Cr. 8vo, JJ. cloth. 
•* A Ycry good book, and one to be highly recommended as a practical guide. 
The practical directions are excellent" — Atfuftceutn. 

Gainful Gardening. 

MULTUM-IN-PARVO GARDENING; or. How to make One 
Acre of Land produce ;^620 a year, by the Cultivation of Fruits 
and Vegetables ; also. How to Grow Flowers in Three Glass 
Houses, so as to realise ;^I76 per annum clear Profit. By Samuel 
Wood. 3rd Edition, revised. Cr. 8vo, 2j. cloth, 
" We are bound to recommend it as not only suited to the case of the amateur and 
gentleman's gardener, but to the market grower." — Gardener's Magazine, 

Gardening for Ladies. 

THE LADIES* MULTUM-IN-PARVO FLOWER GARDEN, 
and Amateur's Complete Guide. By S. Wood. Cr. 8vo, 31. 6d. 

Bulb Culture. 

THE BULB GARDEN, or, How to Cultivate Bulbous and 
Tuberous-rooted Flowering Plants to Perfection. By Samuel 
Wood. Coloured Plates. Crown 8vo, 3^. dd, cloth. 

Tree Planting. 

THE TREE PLANTER AND PLANT PROPAGATOR : 
A Practical Manual on the Propagation of Forest Trees, Fruit 
Trees, Flowering Shrubs, Flowering Plants, Pot Herbs, &c. 
Numerous Illustrations. By Samuel Wood. i2mo, 2J. 6</. cloth. 

Tree Pruning. 

THE TREE PRUNER : A Practical Manual on the Pruning of 
Fruit Trees, their Training and Renovation ; also the Pmning of 
Shrubs, Climbers, &c. By S. Wood. i2mo, 2j. 6d. cloth. 

Tree Planting, Pruning, & Plant Propagation. 

THE TREE PLANTER, PROPAGATOR, AND PRUNER. 
By Samuel Wood, Author of ** Good Gardening," &c. Consisting 
of the above Two Works in One Vol., 5j. half-bound. 

Early Fruits^ Flowers and Vegetables. 

THE FORCING GARDEN : or. How to Grow Early Fruits, 
Flowers, and Vegetables, With Plans and Estimates for Building 
Glasshouses, Pits, Frames, &c. By S. Wood. Crown 8vo, 3J. ^d. 

Market Gardenings Etc. 

THE KITCHEN AND MARKET GARDEN. By Con- 
tributors to *'TJie Garden." Compiled by C. W. Shaw, Editor 
of " Gardening Illustrated." i2mo, 3J. 6^/. cl. bds. \jfti5t published. 

Kitchen Gardening. 

KITCHEN GARDENING MADE EASY. Showing how to 
prepare and lay out the ground, the best means of cultivating every 
known Vegetable and Herb, etc By G. M. F. Glenn y. i2mo, 2s. 
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'A Complete Epitome of the Laws of this Country^ 

EVERY MAN'S OWN LAWYER ; a Handy-Book of the Prin- 
ciples of Law and Equity. By A Barrister. New Edition. 
Corrected to the end of last Session. Embracing upwards of 
3,500 Statements on Points of Law, Verified by the addition of 
Notes and References to the Authorities. Crown 8vo, cloth, 
price 6j. &/. (saved at every consultation). \ 

COMPRISING THE RIGHTS AND WRONGS OF INDIVIDUALS, MERCANTILE 
AND COMMERCIAL LAW, CRIMINAL LAW, PARISH LAW, COUNTY COURT 
LAW, GAME AND FISHERY LAWS, POOR MEN's LAW, THE LAWS OF 



Bankruptcy— BiLL0 or Exchangb— 

CONTKACTS AND AGREEMENTS — COPY- 
RIGHT— DOWBR AND Divorce — Elec- 
tions AND Registration — Insurance 
— LiBBL AND Slander — Mortgages— 



Settlements — Stock Exchange Prac- 
tice — Trade Marks and Patents — 
Trespass, Nuisances, etc. — ^Transfer 
OF Land, etc. — Warranty — Wills 
AND Agreements, etc. 



Also Law for Landlord and Tenant — { — Friendly Societies — Clergymen, Church- 



wardens — Medical Practitioners, &c. — 
Bankers — Farmers — Contractors — Stock 
and Share Brokers — Sportsmen and Game- 
keepers — Farriers and Horse-Dealers— 
Auctioneers, House-Agents — Innkeepers, 
&c. — Pawnbrokers — Surveyors — Kail- 
ways and Carriers, &c., &c. 



Master and Servant— Workmen and Ap- 
prentices — Heirs,' Devisees, and Lega- 
tees — Husband and Wife — Executors 
and Trustees — Guardian and Ward — 
Married Women and Infants — Partners 
and Agents — Lender and Borrower — 
Debtor and Creditor — Purchaser and 
Vendor — Companies and Associations 

*' No Englishman ought to be without this book." — Engineer, 
" What it professes to be — a complete epitome of tiie laws of this country, thoroughly 
intelligible to non-professional readers. The book is a handy one to have in readiness 
when some knotty point requires ready solution." — BelCs Life. 
" A useful and concise epitome of the law." — Law Magazine, 

Auctioneer's Assistant. 

THE APPRAISER, AUCTIONEER, BROKER, HOUSE 
AND ESTATE AGENT, AND VALUER'S POCKET AS- 
SISTANT, for the Valuation for Purchase, Sale, or Renewal of 
Leases, Annuities, and Reversions, and of property generally; 
with Prices for Inventories, &c. By John Wheeler, Valuer, &c 
Fourth Edition, enlarged, by C. Norris. Royal 32nio, cloth, 5^. 
" A concise book of reference, containing a clearly-arranged list of prices for 
inventories, a practical guide to determine the value of furniture, Sic^^'^^tandard, 

A uctioneering. 

AUCTIONEERS : THEIR DUTIES AND LIABILITIES. 
By Robert Squibbs, Auctioneer. Demy 8vo, loj. dd. cloth. 

" Every auctioneer and valuer ought to possess a copy of this valuable work." — 
House Property. Uronnumger, 

HANDBOOK OF HOUSE PROPERTY : a Popular and Prac- 
tical Guide to the Purchase, Mortgage, Tenancy, and Compulsory 
Sale of Houses and Land ; including the Law of Dilapidations and 
Fixtures, &c. By E. L. Tarbuck. 2nd Edit. i2mo, 3J. 6d. cloth. 

"We are glad to be able to recommend it." — Builder. 

'* The advice is thoroughly practical."— uLaw Journal. 

Metropolitan Rating, 

METROPOLITAN RATING : a Summary of the Appeals 
heard before the Court of General Assessment Sessions at West- 
minster, in the years 1871-80 inclusive. Containing a large mass 
of very valuable information with respect to the Rating of Rail- 
ways, Gas and Waterworks, Tramways, Wharves, Public Houses, 
&c. By Edward and A. L, Ryde. 8vo, I2j. td. 

Arodbor^, Agnew, ft Co., Printen, Whiteflriaxi, Loi'don. 



